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EXECUTIVE SUMMARY

Many of the United States’ hazardous and radioactively contaminated waste sites will not be
sufficiently remediated to allow unrestricted land use because funding and technology limitations
preclude cleanup to pristine conditions. This means that after cleanup is completed, the Department of
Energy will have long-term stewardship responsibilities to monitor and safeguard more than 100 sites that
still contain residual contamination. Long-term stewardship encompasses all physical and institutional
controls, institutions, information, and other mechanisms required to protect human health and the
environment from the hazards remaining.

The Department of Energy Long-Term Stewardship National Program is in the early stages of
development, so considerable planning is still required to identify all the specific roles and
responsibilities, policies, and activities needed over the next few years to support the program’s mission.
The Idaho National Engineering and Environmental Laboratory was tasked with leading the development
of Science and Technology within the Long-Term Stewardship National Program. As part of that role, a
task was undertaken to identify the existing science and technology related requirements, identify gaps
and conflicts that exist, and make recommendations to the Department of Energy for future requirements
related to science and technology requirements for long-term stewardship. This work is summarized in
this document.

Review and identification of requirements were based on the laws and requirements of the future
stewardship sites, which will be remediated under: Uranium Mill Tailings Radiation Control Act Title I
and Title II; Department of Energy Decontamination and Decommissioning; Formerly Utilized Site
Remedial Action Program; Nuclear Waste Policy Act of 1982; Comprehensive Environmental Response,
Compensation, and Liability Act of 1982; and Resource Conservation and Recovery Act of 1976. The
requirements were categorized within those site types for each of the Science and Technology Roadmap
Work Group Areas: safety systems and institutional controls, monitoring and sensors, contamination
containment and control, and decision making and institutional performance.

Gaps analysis was performed by developing a list of objectives for each work group area to support
Long-Term Stewardship’s mission of protecting human health and the environment. Requirements
identified for the Roadmap Work Group Areas were matched to the objectives. If a match did not occur, a
potential gap was identified. Several gaps were identified:

. A record retention schedule that will support the needs of the Long-Term Stewardship Program
does not exist

. A requirement to ensure records are accessible and retrievable for stewardship activities does not
exist

. Security systems to ensure the waste is not disturbed or removed are not required for all sites.
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As requirements were reviewed, one conflict was identified, which it occurs between the
Department of Energy’s definition of institutional controls and the Environmental Protection Agency’s
definition of institutional controls. The Department of Energy includes signs, fences, and security systems
as a part of the definition of institutional controls. The Environmental Protection Agency does not
consider signs, fences, and security systems a part of institutional controls.

A list of recommendations was generated with respect to science and technology requirements to
close the gaps and resolve the conflicts identified. These recommendations include:

. A record retention schedule requirement should be developed to ensure the appropriate records are
retained for the specified time period. Record retention schedule should identify which records
need to be retained and their length of retention.

. A requirement needs to be developed to ensure records are accessible and retrievable throughout
the specified time. The requirement should also take in account the rapidly changing technology of
media storage and software to read the media.

. The Department of Energy should develop a requirement to ensure the residual waste is not
disturbed or removed.

. The Department of Energy should use the same terminology as the Environmental Protection
Agency for institutional controls. Department of Energy should not refer or define signs, fences,
and security systems as institutional controls. Call them what they are—security and safety
measures, but retain their function to protect human health and the environment.

. A requirement should be developed to ensure a baseline is developed and updated throughout the

specified time period to account for the changes in site characteristics, community at risk, land use
plans, and applicable policies, regulations, and laws.
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Long-Term Stewardship
Science and Technology Requirements

1. INTRODUCTION

Many of the United States’ hazardous and radioactively contaminated waste sites will not be
sufficiently remediated to allow unrestricted land use because funding and technology limitations
preclude cleanup to pristine conditions. This means that after cleanup is completed, the Department of
Energy (DOE) will have long-term stewardship responsibilities to monitor and safeguard more than
100 sites that still contain residual contamination. Long-term stewardship encompasses all physical and
institutional controls, institutions, information, and other mechanisms required to protect human health
and the environment from the hazards remaining.

The DOE Long-Term Stewardship National Program is in the early stages of development, so
considerable planning is still required to identify all the specific roles and responsibilities, policies, and
activities needed over the next few years to support the program’s mission. The Idaho National
Engineering and Environmental Laboratory was tasked with leading the development of Science and
Technology within the Long-Term Stewardship National Program. As part of that role, a task was
undertaken to identify the existing science and technology related requirements, identify gaps and
conflicts that exist, and make recommendations to the DOE for future requirements related to science and
technology requirements for long-term stewardship. This work is summarized in this document.

This science and technology requirements work directly supports another key aspect of the
Long-Term Stewardship National Program—the Science and Technology Roadmap. Science and
technology roadmapping is an effective way to develop a strategic plan or investment strategy for
technology development for increasing protection of human health and the environment, mitigating risks,
and decreasing life cycle costs. In the process of identifying technology development needs, it is
important to include the requirements the technology must meet when applied in the field; failure to do so
could render the technology useless. To increase the likelihood of success, this review of national
requirements and policy applicable to science and technology applications in support of long-term
stewardship operations was performed. As a result of the review, not only were national regulatory
requirements identified, but gaps and conflicts were also identified, and a science and technology
requirements recommendation was developed for the Department’s consideration.

2. APPROACH

Prior to entering long-term stewardship, sites will undergo some form of remediation and closure.
The primary national regulations, laws, and policies that dictate remediation and closure vary by site
types. These site types entering long-term stewardship are Uranium Mill Tailings Radiation Control Act
(UMTRCA) Title I and Title II; Formerly Utilized Site Remedial Action Program (FUSRAP); DOE
Decontamination and Decommissioning (D&D); Nuclear Waste Policy Act (NWPA) of 1982;
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1982; and
Resource Conservation and Recovery Act (RCRA) of 1976. Review and identification of national science
and technology requirements were based on site types. Although the FUSRAP is a program, not a law or
policy, it was chosen as a long-term stewardship category because of the numerous FUSRAP sites
scheduled to enter long-term stewardship.

The review categorized requirements within those site types for each of the Science and
Technology Roadmap Work Group Areas: safety systems and institutional controls, monitoring and



150 sensors, contamination containment and control, and decision making and institutional performance.
Figure 1 shows the structure of these groups. Information technology is a crosscutting subcategory
applicable to all the Science and Technology Roadmap Work Group Areas.
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Figure 1. Subcategories within the Long-Term Stewardship Science and Technology Roadmap Work

Group Areas.



The primary regulations for site types were used as a basis to narrow the requirements search. From
these primary regulations, the applicable national-level science and technology requirements for these
subcategories were identified for each site type. Table 1 shows the primary regulations for the site types.

Table 1. Site Type Primary Regulations.

Site Type Primary Regulation
Uranium Mill Tailings Radiation Control Act Title I 40 CFR 192 and
10 CFR 40.27
Uranium Mill Tailings Radiation Control Act Title 11 40 CFR 192 and
10 CFR 40.28
Nuclear Waste Policy Act of 1982 DOE orders
Formerly Utilized Site Remedial Action Program CERCLA (40 CFR 300-399)
DOE Decontamination and Decommissioning DOE orders

Comprehensive Environmental Response, Compensation, and Liability =~ CERCLA (40 CFR 300-399)
Act

Resource Conservation and Recovery Act RCRA (40 CFR 260-299)

3. REQUIREMENTS

Potential requirements with respect to science and technology application were reviewed from
three primary sources: regulations, codes and standards, and other federal agencies. Results of the review
are discussed in this section.

3.1 Regulations

As stated in Section 2, “Approach,” regulations were reviewed and identified for each subcategory
for each Science and Technology Work Group Area. Results of the regulation review are summarized in
this section by each Science and Technology Work Group Area: Information Technology, Safety Systems
and Institutional Controls, Monitoring and Sensors, Contamination Containment and Control, and
Decision Making and Institutional Performance. Many of the regulations contain numerous details, which
are included in Appendix A and referred to by a summary table for each Work Group Area. If the reader
desires more detail of the regulation, the reader is directed to the Notes contained in Appendix A.

It should be noted that DOE orders were included in the review of regulations. Although DOE
orders are not promulgated, or legally enforceable as federal laws are, such as the Code of Federal
Regulations, they can be legally binding because of contractual arrangements between DOE and its
contractors.

For most Work Group Areas, requirements or regulations are discussed generically by the site type
(also may be referred to as regulation source). In some instances, for the purpose of clarity, discussions of
regulations or requirements were not only discussed by the site type, but also further segregated by the
work group subcategory.

3141 Information Technology

Subcategories for information technology include record retention, accessibility, and media storage
(see Table 2). Notes for Information Technology are located in Appendix A.



Table 2. Referenced Notes for information technology are located in Appendix A.

Regulations/Requirements
Information Technology
Record Media
Site Type Primary Agency (ies)| Primary | Retention |Accessibility| Storage
40 CFR 192
UMTRCA Title I NRC, States, Tribes {10 CFR 40.27 [Note AG  [Note AG Note AG
40 CFR 192
UMTRCA Title II NRC, States, Tribes |10 CFR 40.28 [Note AH [Note AH Note AH
DOE orders,
NWPA Section 151 (Parkersburg)NRC Note Al Note AJ  [Note AK Note AL
DOE orders,
D&D DOE Note Al Note AJ  [Note AK Note AL
Other (RCRA) EPA RCRA Note AM
FUSRAP EPA CERCLA Note AM
CERCLA EPA CERCLA Note AN
CERCLA On-going Treatment  |EPA CERCLA Note AN
Other (PCBs - Disposal) Note AO
Other (Injection Wells - Closure) Note AP

Uranium Mill Tailings Radiation Control Act Title | and Il. The primary regulations for
UMTRCA Title I and 11, 10 CFR 40.27 and 10 CFR 40.28, respectively, do not have specific
requirements or references to information technology. However, 10 CFR 40.27 and 10 CFR 40.28 do
require a description of the long-term surveillance program record keeping procedures as part of the
license. Since the requirements for record keeping procedures are not explicitly provided, this implies that
record keeping procedures are site-specific in accordance to the license. Thus, each site could have
different records, formats, and storage and retrieval methods.

Department of Energy Decontamination and Decommissioning and Nuclear Waste Policy
Act. Department of Energy D&D and NWPA sites’ primary regulations are DOE orders. The applicable
DOE order for information technology is DOE Order 200.1, “Information Management Program.”

DOE Order 200.1 has two requirements:

1. Information, information resources, and information technologies shall be managed in a manner
that supports the strategic and operational plans of the Department

2. Information management activities shall be established, maintained, and managed in a manner that
addresses Department policy and implements appropriate laws and regulations as specified in
Attachment II, “References.”

Attachment II, “References,” of DOE Order 200.1 contains a list of 23 references. Each reference
was reviewed for applicability to the appropriate subcategory for information technology. Of the
23 references reviewed, Reference 6 of DOE Order 200.1, 36 CFR 1200, was the most appropriate



regulation for the category of information technology and its subcategories. For record retention,

36 CFR 1228.64 requires transfer of records to the National Archives after 30 years unless the

DOE Secretary certifies the records must be retained for a longer period. For environmental records, this
has been done. The DOE Environmental Record Schedule, Appendix B, has requirements for record
retention, which are specific to the type of record being retained.

Accessibility of records is not explicitly stated with the exception of 36 CFR 1236, “Management
of Vital Records.” Vital records are required to be accessible in the event of an emergency. Vital records
are policies, plans, and procedures developed and implemented and the resources needed to identify, use,
and protect the essential records needed to meet operational responsibilities under national security
emergencies or other emergency or disaster conditions, or to protect the government’s rights or those of
its citizens.

Because most records for long-term stewardship will eventually be transferred to the National
Archives or stored in a similar manner, 36 CFR 1200 defines how to store the record type or media and
specifies the formats accepted by the National Archives. Media storage is specific to the type of media
used.

Comprehensive Environmental Response, Compensation, and Liability Act. With respect to
information technology, CERCLA 40 CFR 300, Subpart I requires establishment of an administrative
record at facilities undergoing response actions. 40 CFR 300 is specific as to when the administrative
record must be established, but does not state how long nor what documents generated after the response
action is completed that must be maintained in the administrative record. CERCLA requires the
administrative record be kept at or near the facility where the response action is occurring. It also must be
maintained at a central location, and to ensure public access to the administrative record, it cannot be
located in an area where a security clearance is required. If wastes remain onsite after response action has
been completed, CERCLA requires a five-year review. Supporting documents (i.e., monitoring data
collected during the five-year period) would be necessary information to be maintained to support a
CERCLA five-year review.

Resource Conservation and Recovery Act. Review of RCRA did not reveal requirements for
long-term stewardship information technology. However, RCRA requires a closure plan when a site is
closed under RCRA. The specifics of record keeping for a RCRA site will likely be noted in the closure
plan. Closure of underground storage tanks under RCRA is an exception. 40 CFR 280, Subpart G,
requires records for underground storage tanks to be maintained for at least three years after completion
of permanent closure or change-in-service.

3.1.2 Safety Systems and Institutional Controls

Subcategories for safety systems and institutional controls include fences, signs, and security (see
Table 3). Notes for Safety Systems and Institutional Controls are located in Appendix A.



Table 3. Safety systems and institutional controls referenced Notes are located in Appendix A.

Regulations/Requirements
Safety Systems and Institutional Controls
Site Type Primary Agency (ies) Primary Fences Signs Security

40 CFR 192
UMTRCA Title I NRC, States, Tribes |10 CFR 40.27 [Note AQ [Note AQ [Note AQ

40 CFR 192
UMTRCA Title 11 NRC, States, Tribes |10 CFR 40.28 [Note AQ [Note AQ [Note AQ
INWPA Section 151 (Parkersburg) NRC DOE orders |Note AR [Note AR |Note AR
D&D DOE DOE orders |Note AR |[Note AR |[Note AR
Other (RCRA) EPA RCRA Note AS  |[Note AS  |[Note AS
FUSRAP EPA CERCLA Note AT [Note AT  |Note AT
CERCLA EPA CERCLA Note AT [Note AT  |Note AT
CERCLA On-going Treatment |EPA CERCLA Note AT  [Note AT  |[Note AT
Other (Asbestos) Note AU [Note AU

Uranium Mill Tailings Radiation Control Act Title | and Il. The primary regulations for
UMTRCA Title I and II, 10 CFR 40.27 and 10 CFR 40.28, respectively, do not have requirements for
fences, signs, or security. However, 10 CFR 61.42 also applies and requires the facility to ensure
protection of any individual from inadvertently intruding into the disposal site and occupying the site or
contacting the waste. This requirement does not specifically state to install a fence or signs, or to have a
security system, but it implies the need for some type of safety system to prevent individuals from
inadvertently intruding into a disposal site.

Department of Energy Decontamination and Decommissioning and Nuclear Waste Policy
Act. The DOE has an order requiring protection of property. DOE Order 5632.1.C-1, “Manual for
Protection and Controls of Safeguards and Security,” requires protection of government-owned property
from damage, destruction, or theft. In addition to protection of property, by implementing this order it
protects human health and the environment by preventing inadvertent entry.

Comprehensive Environmental Response, Compensation, and Liability Act. CERCLA does
not have any requirements specific to signs, fences, or security. Instead, institutional controls are
considered a response action under CERCLA and are part of a remedy. Institutional controls must meet
all statutory requirements and are subject to the nine evaluation criteria outlined in 40 CFR 300.430.
Thus, the need for signs, fences, or security would be addressed as part of the Record of Decision.

Resource Conservation and Recovery Act. RCRA, 40 CFR 264.117 and 40 CFR 265.117, state
the Regional Administrator may require the same security as required during operations of the facility if
the hazardous waste remains exposed after closure or access by the public or domestic livestock may pose
a hazard to human health. Sites would meet these requirements in various ways and could use fences,
signs, or other methods. If the Regional Administrator requires security, then 40 CFR 264.14 or

40 CFR 265.14 (c) is implemented defining the requirements for the posting of signs.



3.1.3  Monitoring and Sensors

Subcategories for sensors and monitoring include, where applicable, groundwater, air, surface
water, sediment, and soil (see Table 4). Although there are numerous requirements and guidance for
monitoring of the various subcategories within the site types, specific requirements for sensors were not
identified. Notes for Monitoring and Sensors are located in Appendix A.

Uranium Mill Tailings Radiation Control Act Title | and Il. Generally, if monitoring is required
for a UMTRCA Title I or Title II site, it will be for groundwater, air, or both. 10 CFR 40.27 and

10 CFR 40.28 require a general license to be issued for the custody of and long-term care—including
monitoring, maintenance, and emergency measures—necessary to protect public health and safety. The
license becomes effective when the Nuclear Regulatory Commission accepts the site Long-Term
Surveillance Plan outlining the steps to be taken to ensure protection of the environment and the public.
Monitoring requirements for UMTRCA Title I and Title II are very similar, but are separated in
discussion to minimize the confusion of applicable references to the requirements.

Uranium Mill Tailings Radiation Control Act Title | Groundwater. Monitoring levels for
groundwater are identified in 40 CFR 192, Subparts A and B. Appendix I to CFR 192 contains a list of
constituents for which the groundwater background levels are determined. Once the background levels
have been established, the concentration limits are set. The concentration of a listed constituent from
Appendix I in the groundwater must not exceed at the point of compliance:

. The background level of that constituent in the groundwater

. For any of the constituents listed in Table 1 Subpart A of 40 CFR 192, the respective value given in
that table if the background level of the constituent is below the value given in the table

. An alternate concentration limit established pursuant to 40 CFR 192, Subpart A or B.

In many cases, the monitoring levels for groundwater will be site-specific. Frequency of
monitoring is not specified in the CFR. Frequency is site-specific and noted in the Long-Term
Surveillance Plan.

Uranium Mill Tailings Radiation Control Act Title Il Groundwater. Monitoring levels for
groundwater are identified in 40 CFR 192, Subpart D, which refers to 40 CFR 264. Appendix VIII to
40 CFR 264 contains a list of constituents for which the groundwater background levels are determined.
Once the background levels have been established, the concentration limits are set. The concentration of a
listed constituent from Appendix VIII in the groundwater must not exceed at the point of compliance:

. The background level of that constituent in the groundwater

. For any of the constituents listed in Table 1 Subpart F of 40 CFR 264, the respective value given in
that table if the background level of the constituent is below the value given in the table

° An alternate concentration limit established pursuant to 40 CFR 264, Subpart F.
In many cases, the monitoring levels for groundwater will be site-specific. Frequency of

monitoring is not specified in the CFR. Frequency is site-specific and noted in the Long-Term
Surveillance Plan.
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Uranium Mill Tailings Radiation Control Act Type | and Il Air. Air monitoring is required
as a function of site closure under UMTRCA Title I. A permanent radon barrier is built prior to closure of
an UMTRCA Title I impoundment. The barrier is required to be designed to release no more than
20 pCi/m® of radon-222 in a period of one year in accordance with 40 CFR 192. After monitoring has
proven the design, which is performed prior to impoundment closure, no further monitoring of radon-222
is required.

Air monitoring is not required under UMTRCA Title II.

Department of Energy Decontamination and Decommissioning and Nuclear Waste Policy
Act. Monitoring requirements for contaminants in various medium are established in DOE Order 5400.5,
“Radiation Protection of the Public and the Environment.” Implementation guidance for

DOE Order 5400.5 is DOE/EH-1073T, “Environmental Regulatory Guide for Radiological Effluent
Monitoring and Environmental Surveillance.” DOE orders do not contain specific monitoring
requirements for non-radiological contaminants. For specific monitoring requirements for

non radiological contaminants, refer to the monitoring discussion for CERCLA and RCRA sites.

DOE Order 5400.5 limits the radiation exposure from routine DOE activities to the public from all
pathways to 100-mrem/year effective dose equivalent. When reviewing monitoring limits as established
by DOE, it is necessary to remember the 100-mrem/year effective dose equivalent radiation exposure
from all pathways. It is interesting to note that for low-level disposal facilities in accordance with
DOE M 435.1, the dose to representative members of the public shall not exceed 25 mrem in a year total
effective dose equivalent from all exposure pathways, excluding the dose from radon and its progeny in
air.

DOE Order 5400.1 requires a written environmental monitoring plan for each site, facility, or
process that uses, generates, releases, or manages significant pollutants or hazardous material. Monitoring

frequency of all mediums is site-specific and documented in the site monitoring plan.

Groundwater. If the groundwater is a drinking water pathway, then the following limits are
applicable:

. Effective dose of 4 mrem/year

. Beta particles and photon emitters, 4 mrem/year

. Gross alpha particles activity, 15 pCi/L

. Radium 226 and Radium 228 (combined), 5 pCi/L.

For other radionuclides, the derived concentration guides listed in DOE Order 5400.5 would most
likely be used as an assessment tool if monitoring limits have been exceeded.

Air. DOE Order 5400.5 limits the airborne emissions from all DOE sources of radionuclides to an
effective dose equivalent of 10 mrem/year to the public. Equating effective dose equivalent to a
monitoring value is a complex task dependent upon the radionuclide and the source. Implementation
guide, DOE/EH-0173T, for DOE Order 5400.5 defines two types of sources contributing to the total
radiological emissions from a DOE facility:

1. Point source is a single, defined point (origin) of an airborne release such as a vent or stack.



2. Diffuse source is an area source or several sources of radioactive contaminants released into the
atmosphere (generally, all sources other than point sources). Examples of diffuse sources are
ponds, contaminated areas, and structures without ventilation or with ventilation that do not result
in a well-defined release point.

Most sources, if not all sources, from D&D and NWPA sites would be considered diffuse sources.
Monitoring guidance or requirements for diffuse sources are not defined as well as the requirements for
point sources. DOE/EH-0173T states when assessing a diffuse source, the evaluation should be
accomplished by using appropriate computational models to characterize the concentrations of the
radionuclides in any resulting plume; and empirical data and sound assumptions should be applied to
define the source term for a diffuse source. DOE/EH-0173T does not provide concentration limits. The
derived concentration guides listed in DOE Order 5400.5 would most likely be used as an assessment
guide.

The derived concentration guides represent the concentrations of radioactivity in air inhaled or
water ingested continuously during a year that resulted in a 100-mrem, 50-year committed effective dose
equivalent. The derived concentration guide yields the maximum dose a person could receive at the
location where the sample was collected, given the following two assumptions:

1. The concentration was at the derived concentration guides level continuously for the entire year
2. The person receiving the exposure was at that location for the entire year, continually inhaling the
air.

DOE M 435.1 has specific requirements for radon in air at low-level waste disposal facilities.
Release of radon shall be less than an average flux of 20 pCi/m?/s at the surface of the disposal facility.
Alternatively, a limit of 0.5 pCi/l of air may be applied at the boundary of the facility.

Surface Water. DOE Order 5400.5 does not have release limits, but uses screening values
instead. If radioactive waste streams contain radionuclide concentrations of not more than the derived
concentration guides reference values at the point of discharge to a surface waterway, treatment is
normally not required. If the derived concentration guides are exceeded, the best available technology is
the prescribed level of treatment. Derived concentration guides (for water) are used to monitor the water
to determine if a corrective action needs to occur.

Sediment. To prevent the buildup of radionuclide concentrations in sediments, liquid process
waste streams containing radioactive material in the form of settleable solids may be released to natural
waterways if the concentration of radioactive material in the solids present in the waste stream does not
exceed 5 pCi/g above background level, of settleable solids for alpha-emitting radionuclides or 50 pCi/g
above background level, of settleable solids for beta-gamma-emitting radionuclides in accordance with
DOE Order 5400.5.

Soil. DOE Order 5400.5 provides guidelines and requirements for residual radioactive material
primarily for soil. Application of the guidelines is specific only to FUSRAP and the Surplus Facilities
Management Program to establish cleanup levels for unrestricted use. The guidelines are based on a basic
radiation dose limit of 100 mrem/yr applied to a member of a critical population group. The radiation
dose is defined here as the effective dose equivalent from external radiation plus committed effective dose
equivalent from internal radiation. The critical population group is a relatively small, homogeneous group
that is representative of those individuals in the population expected to potentially receive the largest
radiation dose. It is assumed, for the purpose of deriving soil guidelines, that the critical population group

10



is a family that establishes residence of a site after the site has been released for use without radiological
restrictions. The controlling principles for the guidelines are:

. The annual radiation dose received by a member of the critical population group from the residual

radioactive material—predicted by a realistic but reasonably conservative analysis and averaged
over a time interval of 50 years—should not exceed the basic dose limit of 100 mrem/yr

. Doses should be kept as low as reasonably achievable.

The generic guidelines for residual concentrations of Ra-226, Ra-228, Th-230, and Th-232 are:
. 5 pCi/g, averaged over the first 15 cm of soil below the surface
. 15 pCi/g, averaged over 15-cm thick layers of soil more than 15 cm below the surface.

Guidelines for other radionuclides are site-specific and can be derived by the process established
in DOE/CH 8901, “A Manual for Implementing Residual Radioactive Material Guidelines.”

Other. Monitoring of plants and animals may be necessary to ensure the public does not exceed
the 100-mrem/year effective dose equivalent. DOE/EH-0173T provides guidance for when plants and
animals should be monitored and is summarized in Table 5. If wild game animals, such as deer or game
birds, are available locally, then these should also be considered in the pathway analysis. When evaluating
pathways by which foods become contaminated, several factors need to be considered:

. Agricultural uses of the land

. Farming and gardening practices
. Soil type

. Climate

. Dietary habits
. Quantities of specific radionuclides released to air and water and their chemical physical forms.

Table 5. Basis for Sampling Terrestrial Foodstuffs.

Annual Effective Dose Equivalent Sampling Guidance

Dose >5 mrem Sufficient sampling and analysis should be carried out so
that the foods and radionuclides contributing at least 90%
of this ingestion dose have been evaluated.

1 mrem < dose <5 mrem Sufficient sampling and analysis should be carried out to
provide reasonable assurance that the doses are within this
range.

0.1 mrem < dose <1 Sufficient surveillance should be done to show that the
radionuclides are behaving in the environment as
expected.
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Comprehensive Environmental Response, Compensation, and Liability Act. Monitoring
requirements for CERCLA are unique and site-specific just as the cleanup levels for CERCLA
remediation. Monitoring requirements discussed in this section should be used for guidance. CERCLA
applies all applicable or relevant and appropriate requirements (ARARs) where hazardous substances are
left onsite. CERCLA Section 121 states the following are ARARSs for the hazardous substance, pollutant,
or contaminant concerned:

° Any standard, requirement, criteria, or limitation under any federal environmental law

. Any promulgated standard, requirement, criteria or limitation under a state environmental of
facility siting law that is more stringent than any federal standard.

ARARSs are promulgated or legal enforceable requirements. DOE orders themselves are not
ARARSs because they are not promulgated. DOE orders can be “to be considered.” Once a “to be
considered” is part of a Record of Decision, it becomes enforceable. DOE orders in final Records of
Decision are enforceable under CERCLA and cannot be waived using DOE procedures for waiving
orders. It is not unreasonable to assume the use of DOE orders as monitoring requirements for post
cleanup under a DOE CERCLA site. If there were two monitoring levels, each one from a different
requirement, the more stringent requirement would be selected as the ARAR.

Specific levels and frequency of post cleanup monitoring may be stated in the Record of Decision,
but are more likely to be included in the documentation for the remedial action as a function of operation
and maintenance.

Groundwater. For groundwater monitoring, the Environmental Protection Agency’s National
Primary Drinking Water Standards maximum contaminant level would most likely be applicable for
groundwater monitoring. The phrase “most likely be applicable” is used because there could be sites
where the groundwater’s background quality is so poor it is not used for drinking water. Groundwater
monitoring requirements for radionuclides would likely be the derived concentration guides from
DOE Order 5400.5.

Air. The Environmental Protection Agency’s ambient air quality standards would likely be selected
as “to be considered” for air monitoring and DOE Order’s 5400.5 derived concentration guides for
airborne radionuclides would likely be used to define the air monitoring requirements.

Surface Water. Surface water would likely be monitored to the Environmental Protection
Agency’s National Primary Drinking Water Standards maximum contaminant level. For the radionuclide
constituent for surface water, the derived concentration guides from DOE Order 5400.5 could be selected
as “to be considered.”

Sediment. DOE Order 5400.5 provides monitoring requirements for sediments. To prevent the
buildup of radionuclide concentrations in sediments, liquid process waste streams containing radioactive
material in the form of settleable solids may be released to natural waterways if the concentration of
radioactive material in the solids present in the waste stream does not exceed 5 pCi/g above background
level, of settleable solids for alpha-emitting radionuclides or 50 pCi/g above background level, of
settleable solids for beta-gamma-emitting radionuclides.

Resource Conservation and Recovery Act. Under RCRA, groundwater monitoring is required for
post-closure care if one of the two following conditions occur:

L. The facility contains waste residues or contaminated materials left in place at final closure

2. The facility is closed in accordance to landfill requirements.
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40 CFR 265 and 40 CFR 264, Subpart F states the groundwater monitoring requirements and
limits. Groundwater background levels are established by monitoring for a period of one year. For Part B
facilities, maximum concentration levels are the established background levels, or Table 1 of
40 CFR 264.94, whichever is lower. For Part A facilities, maximum concentration levels are the
established background levels. An exception to maximum concentration levels for both Part A and B
facilities are alternate concentration limits established and approved by the Environmental Protection
Agency (EPA) Regional Administrator.

Post-closure plans are required for facilities closed in accordance to landfill requirements.
Frequency of monitoring is site-specific and stated in the post-closure plan. Post-closure is generally
performed for 30 years; however, the Regional Administrator may shorten or lengthen the post-closure
care.

314 Contamination Containment and Control

Subcategories for contamination containment and controls are engineering systems or structures
designed and built to contain and control contaminants, such as surface impoundments, landfills, caps,
tank farms, and buildings. Requirements discussed in this section are those requirements that must be met
for post-closure care. Most sites, if not all sites, entering long-term stewardship will require post-closure
care because of residual wastes. Requirements discussed in this section are those for post-closure care of
systems with residual wastes. Notes (see Table 6) for Contamination Containment and Control are located
in Appendix A.

Table 6. Contamination Containment and Control reference Notes are located in Appendix A.

Regulations/Requirements
Contamination Containment & Control
Primary Agency Surface Tankfarms
Site Type (ies) Primary | Impoundments | Landfills Caps | (Tanksystems) | Buildings
40 CFR
192
INRC, States, 10 CFR
UMTRCA Title I Tribes 40.27 Note T Note T
40 CFR
192
NRC, States, 10 CFR
UMTRCA Title II Tribes 40.28 Note E Note E
NWPA Section 151 DOE
(Parkersburg) NRC orders Note F
DOE
D&D DOE orders Note F
Other (RCRA) EPA RCRA Note U Note V Note W [Note X Note Y
Site- Site-
Site-specific [specific specific
Site-specific based on  |based [Site-specific  [based on
FUSRAP EPA CERCLA |based on ROD |ROD on ROD|based on ROD |ROD
Site- Site-
Site-specific [specific specific
Site-specific based on  |based [Site-specific  [based on
CERCLA EPA CERCLA |based on ROD |ROD on ROD|based on ROD |[ROD
Site- Site-
Site-specific [specific specific
CERCLA On-going Site-specific basedon  |based |Site-specific  |based on
Treatment EPA CERCLA |based on ROD |ROD on ROD|based on ROD |ROD
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Uranium Mill Tailings Radiation Control Act Title | and Il. The legal requirements for post-
closure care are different for UMTRCA Title I and II. UMTRCA Title I post-closure legal requirements
are vague as opposed to the more specific requirements for UMTRCA Title II. For this reason, post-
closure discussion for UMTRCA Title I and II is separate.

UMTRCA Title I standards refer to a disposal site, not an impoundment or landfill. 40 CFR 192
defines a disposal site as the region within the smallest perimeter of residual radioactive material
(excluding cover materials) following completion of control activities. A disposal site is not an
impoundment nor is it a landfill by the EPA definitions.

UMTRCA Title I sites require as a minimum, annual site inspections to be conducted for the
long-term care of the disposal site to confirm its integrity and to determine the need, if any, for
maintenance or monitoring. In addition, UMTRCA Title I sites are required to describe the long-term
surveillance program in the Long-Term Surveillance Plan as part of the closure license application to the
Nuclear Regulatory Commission. The Long-Term Surveillance Plan is to include inspection frequency
and reporting to the Nuclear Regulatory Commission, frequency and extent of groundwater monitoring if
required, appropriate constituent concentration limits for groundwater, inspection personnel
qualifications, inspection procedures, and record keeping and quality assurance procedures.

UMTRCA Title II sites have two types of engineering systems: (1) surface impoundments and
(2) caps. A cap or final barrier is placed on the UMTRCA Title II site as part of the closure process.
Discussion of cap requirements has been combined with surface impoundments. Two sets of standards for
post-closure apply to landfills for UMTRCA Title II sites: requirements for (1) nonradiological hazards
and (2) radiological hazards.

For nonradiological hazards, 40 CFR 264.228 applies and includes:

. Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as
necessary to correct the effects of settling, subsidence, erosion, or other events

. Continue to operate the leachate collection and removal system until leachate is no longer detected
. Maintain and monitor the groundwater monitoring system

. Prevent run-on and run-off from eroding or otherwise damaging the final cover

. Protect and maintain surveyed benchmarks.

The requirements for radiological hazards are not as definitive as they are for the nonradiological
hazards. They are the same requirements as required for UMTRCA Title I:

. Annual site inspections to confirm the disposal site integrity and to determine the need, if any, for
maintenance or monitoring

. Describe the long-term surveillance program in the Long-Term Surveillance Plan as part of the
closure license application to the Nuclear Regulatory Commission.

Department of Energy Decontamination and Decommissioning and Nuclear Waste Policy
Act. DOE requires a closure plan for low-level waste disposal facilities, a specific type of a landfill, as
identified in DOE M 435.1-1, “Radioactive Waste Management Manual.” The closure plan identifies the
necessary activities required for post-closure care. Further guidance from Technical Basis and
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Considerations for DOE M 435.1 discusses a period of institutional control and defines the period of
institutional control when DOE maintains a custodial presence and controls the use of the land until the
facility can be released. The closure plan should include the necessary activities to be performed during
institutional control to ensure protection of public health and the environment, such as facility monitoring,
custodial maintenance, access controls, corrective actions, passive controls and restrictions, reporting
requirements, and record keeping.

Comprehensive Environmental Response, Compensation, and Liability Act. Post-closure
care under CERCLA is site-specific and based on the Record of Decision. However, if waste residues or
contaminated soils remain after closure, then it is very likely the engineering system would be closed
under the requirements of landfills, as outlined in the RCRA discussion below.

Resource Conservation and Recovery Act. Post-closure care is required for engineering systems
where waste residues or contaminated soils remain after closure and are closed under the requirements of
landfills, 40 CFR 264 and 40 CFR 265. Post-closure care is performed over a period of 30 years, but can
be shortened or extended at the discretion of the EPA Regional Administrator. The post-closure RCRA
requirements are:

. Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as
necessary to correct the effects of settling, subsidence, erosion, or other events.

. Maintain and monitor the leak detection system.

. Maintain and monitor the groundwater monitoring system. Requirements for groundwater
monitoring under RCRA are discussed in “Sensors and Monitoring” section for RCRA.

. Prevent run-on and run off from eroding or otherwise damaging the final cover.

Groundwater monitoring requirements can be waived if it can be demonstrated that there is a low
potential for migration of hazardous waste or hazardous constituents from the facility (engineered system)
via the uppermost aquifer to water supply wells or to surface water.

3.1.5 Decision Making and Institutional Performance

Risk and decision analysis subcategories include airborne contaminant effects, surface water
contaminant effects, soil contaminant effects, groundwater contaminant effects, demographics, trending,
cost, and cost/benefit. In most cases, risk and decision analysis is done prior to the site entering
post-closure care. However, there are a few circumstances where risk and decision analysis is
implemented during post-closure care. In many cases, risk and decision analysis is used to determine
monitoring level requirements and is discussed in the “Sensors and Monitoring” section of this document.
However, there are a few circumstances where risk and decision analysis is implemented during
post-closure care. Notes (see Table 7) for Decision Making and Institutional Performance are located in
Appendix A.
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Uranium Mill Tailings Radiation Control Act Title | and Il. A Long-Term Surveillance Plan is
required as part of an application for a closure license in accordance with 10 CFR 40.27 and

10 CFR 40.28 for UMTRCA Title I and II sites, respectively. The Long-Term Surveillance Plan includes
a detailed description of the final disposal site conditions including existing groundwater characterization.
The description must be detailed enough so future inspectors will have a baseline to determine changes to
the site and when these changes are serious enough to require maintenance or repairs. Although the
requirement does not explicitly require trending, trending analysis is implied to warrant when
maintenance or repairs are necessary.

Department of Energy Decontamination and Decommissioning and Nuclear Waste Policy
Act. Stewardship is considered to be a DOE activity and, therefore, DOE Order 5400.1 is applicable.
DOE Order 5400.1 requires environmental surveillance to be conducted to monitor the effects of

DOE activities and requires the design of the environmental surveillance to meet one or more of seven
objectives. One of the seven design objectives is to characterize and define trends in the physical,
chemical, and biological conditions of environmental media.

Comprehensive Environmental Response, Compensation, and Liability Act. Risk analysis is
performed during the remedial investigation phase of the CERCLA process. It is unlikely that risk
analysis would be performed for a site during post-closure care. However, CERCLA Section 121 requires
that remedial actions, which result in any hazardous substances, pollutants, or contaminants remaining at
the site, be subject to five-year reviews. The Environmental Protection Agency will determine the number
of five-year reviews, and for those sites that will require stewardship into perpetuity, five-year reviews
could be infinite. Sites remediated under CERCLA and entered into the Long-Term Stewardship Program
are assumed to have contaminants remaining at the site and, therefore, will be required to perform
five-year reviews and prepare a five-year report. (Note: Some sites entering the Long-Term Stewardship
Program may have already performed their first of many five-year reviews.) The outline for a five-year
review report, as suggested by Environmental Protection Agency’s Comprehensive Five-Year Review
Guidance, EPA 540-R-01-007, June 2001, includes a section titled Technical Assessment. The Technical
Assessment objective is to evaluate whether the remedy at a site is protective of human health and the
environment. Environmental Protection Agency asks three questions as part of the evaluation:

L. Is the remedy functioning as intended by the decision documents?

2. Are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used at
the time of the remedy selection still valid?

3. Has any other information come to light that could call into question the protectiveness of the
remedy?

Environmental Protection Agency provides further guidance to address the questions, which refers
to the application of risk and decision analysis.

Airborne contaminant effects, surface water contaminant effects, soil contaminant effects, and
groundwater contaminant effects are discussed in relationship to the risks they present. To answer the
Question 2, “Are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives
used at the time of the remedy selection still valid?” —changes in the following should be evaluated:

. Promulgated standards and To Be Considered (from the Record of Decision)
. Risk parameters (includes reference doses, cancer potency factors, and exposure pathways of
concern)
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. Toxicity and other contaminant characteristics
. Current and future land/groundwater uses.

Changes in any one of the items listed above could result in the need to perform a risk analysis
based on the changes in the conditions. For example, if there have been changes in the understanding of a
contaminant’s physical or chemical characteristics, the original cleanup level may no longer be protective
of human health and the environment. Thus, recalculation of the risk analysis may be required to
determine if the remedy is indeed protective of human health and the environment with the new
knowledge gained of the contaminant.

Several items should be evaluated to appropriately answer Question 1, “Is the remedy functioning
as intended by the decision documents?” These items include:

e Remedial action performance

e System operations/operation and maintenance

e Costs of system operations/operation and maintenance

e Implementation of institutional controls and other measures
e Monitoring activities

e Opportunities for optimization

e Early indicators of potential remedy problems.

Trending, cost, and cost/benefit are used as part of the evaluation to respond to Question 1. Trend
analysis of sampling data showing no decrease in contaminant levels could be an indicator of a potential
remedy problem. Comprehensive Five-Year Review Guidance also recommends reviewing and
considering costs of system operations/operation and maintenance by comparing actual/current annual
operation and maintenance costs to the original cost estimate. Large variances from the original cost
estimate might indicate potential remedy problems. As part of the five-year review, the Environmental
Protection Agency suggests if any opportunities are identified to improve performance or reduce the costs
of sampling and monitoring activities, the site steward shall recommend the improvements and also
recommend that an optimization or cost/benefit study be conducted.

Resource Conservation and Recovery Act. There are no specific requirements within RCRA
related to risk and decision analysis.

3.2 Codes and Standards

A review of industry standards applicable to science and technology was performed. Many of the
standards identified during the review are design and performance criteria, and guidance for a variety of
instrumentation, test procedures, and sampling methods from the American Society for Testing and
Materials (ASTM) and the American National Standards Institute (ANSI). Table 8 shows the applicable
standards organized by standard number with a brief summary of the standard. The codes and standards
were not categorized by the Roadmap Work Group Area because many of the codes and standards are
applicable to more than Roadmap Work Group Area.
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Table 8. Summary of Standards.
Standard
Number Title Summary
N42.17A American National Standard Performance Standard establishes minimum acceptable performance criteria for health

N42.17B

N42.17C

N42.18

N42.20

N323

C 998

C 999

C 1000

C 1001

C1163

Specifications for Health Physics
Instrumentation - Portable
Instrumentation for Use in Normal
Environmental Conditions

American National Standard for
Radiation Instrumentation Performance
Specifications for Health Physics
Instrumentation - Occupational Airborne
Radioactivity Monitoring
Instrumentation.

American National Standard for
Radiation Instrumentation Performance
Specifications for Health Physics
Instrumentation - Portable
Instrumentation for Use in Extreme
Environmental Conditions

American National Standard
Specification and Performance of On-Site
Instrumentation for Continuously
Monitoring Radioactivity in Effluents

American National Standard Performance
Criteria for Active Personnel Radiation
Monitors

American National Standard Radiation
Protection Instrumentation and Test
Calibration

Standard Practice for Sampling Surface
Soil for Radionuclides

Standard Practice for Soil Sample
Preparation for the Determination of
Radionuclides

Standard Test Method for Radiochemical
Determination of Uranium Isotopes in
Soil by Alpha Spectrometry

Standard Test Method for Radiochemical
Determination of Plutonium Isotopes in
Soil by Alpha Spectrometry

Standard Test Method of Mounting
Actinides for Alpha Spectrometry Using
Neodymium Fluoride

physics instrumentation for use in ionizing radiation fields. Included are
testing methods to establish the acceptability of each type of
instrumentation.

Standard specifies performance criteria and testing procedures for
instruments and instrument systems designed to continuously sample and
quantify concentrations of radioactivity in ambient air in the workplace.

Standard establishes minimum acceptable performance criteria for health
physics instrumentation for use in ionizing radiation fields under extreme
environmental conditions.

Standard provides recommendations for the selection of instrumentation
specific to the continuous monitoring and quantification of radioactivity in
effluents released to the environment. The effluent streams considered may
contain radioactive gases, liquids, particulates, or dissolved solids singly or
in combination. Standard specifies detection capabilities, physical and
operating limits, reliability, and calibration requirements and sets forth
minimum performance requirements for effluent monitoring
instrumentation.

Standard specifies performance and design criteria for personal electronic
monitors used for the determination of the personal dose equivalent, or the
dose equivalent rate, from external sources of radiation.

Standard establishes calibration methods for portable radiation protection
instruments used for detection and measurement of levels of ionizing
radiation fields or levels of radioactive surface contamination. For purposes
of the standard, portable radiation protection instruments are those which
are carried by hand to a specific facility or location for use.

Practice covers the sampling of surface soil for the purpose of obtaining a
sample representative of a particular area for subsequent chemical analysis
of selected radionuclides.

Practice covers the preparation of surface soil samples collected for
chemical analysis of radionuclides, particularly uranium and plutonium.

Test method covers the determination of uranium isotopes in soil. Test
method is designed to analyze 10 g of soil; however, the sample size may
be varied to 50 g depending on the activity level.

Test method covers the determination of plutonium in soils at levels of
detection dependent on count time, sample size, detector efficiency,
background, and tracer yield.

Test method covers the preparation of separated fractions of actinides for
alpha spectrometry as an alternate to electrodeposition. It is applicable to
any of the actinides that can be dissolved in dilute hydrochloric acid.
Examples of applicable samples would be the final elution from an ion
exchange separation or the final strip from a solvent extraction separation.
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Table 8. (continued)
Standard
Number Title Summary
C 1205  Standard Test Method for The Test method covers the determination of Am-241 soil by means of

C 1220

D 1890

D 1943

D 2460

D 2907

D 3404

D 3454

D 3648

D 3972

D 3976

D 4107

D 4547

Radiochemical Determination of Am-241
in Soil by Alpha Spectrometry

chemical separations and alpha spectrometry. It is designed to analyze up to
ten grams of soil or other sample matrices that contain up to 30 mg of
combined rare earths.

Standard Test Method for Static Leaching Test method evaluates the relative chemical durability of simulated and

of Monolithic Waste Forms for Disposal
of Radioactive Waste

Standard Test Method for Beta Particle
Radioactivity of Water

Standard Test Method for Alpha Particle
Radioactivity of Water

Standard Test Method for Alpha-Particle-
Emitting Isotopes of Radium in Water

Standard Test Methods for
Microquantities of Uranium in Water by
Fluorometry

Standard Guide for Measuring Matric
Potential in the Vadose Zone Using
Tensiometers

Standard Test Method for Radium-226 in
Water

Standard Practices for the Measurement
of Radioactivity

Standard Test Method for Isotopic
Uranium in Water by Radiochemistry

Standard Practice for Preparation of
Sediment Samples for Chemical Analysis

Standard Test Method for Tritium in
Drinking Water

Standard Guide for Sampling Waste and
Soils for Volatile Organic Compounds

radioactive monolithic waste forms such as glasses, ceramics, or cermets in
various test solutions at temperatures <100°C.

Test method covers the measurement of beta particle activity of water, as
referenced to the beta energy of Cs-137, not corrected for conversion
electrons. It is applicable to beta emitters having maximum energies above
0.1 MeV and at activity levels above 0.02 Bg/mL of radioactive
homogeneous water for most counting systems.

Test method covers the measurement of alpha particle activity of water. It
is applicable to alpha emitters having maximum energies above 3.9 MeV
and at activity levels above 0.02 Bg/mL of radioactive homogeneous water.

Test method covers the separation of dissolved radium from water for the
purpose of measuring its radioactivity. Although all radium isotopes are
separated, the test method is limited to alpha-particle-emitting isotopes by
choice of radiation detector. The most important of these radioisotopes are
radium-223, radium-224, and radium-226. The lower limit of concentration
to which this test method is applicable is 1pCi/L.

Test methods cover the determination of microquantities of uranium in
water in the concentration range from 0.005 to 50 mg/L.

Guide covers the measurement of matric potential in the vadose zone using
tensiometers. The theoretical and practical considerations pertaining to
successful onsite use of commercial and fabricated tensiometers are
described. Measurement theory and onsite objectives are used to develop
guidelines for tensiometer selection, installation, and operation.

Test method covers the measurement of soluble, suspended, and total
radium-226 in water in concentrations above 3.7E-3 Bq/L.

Practices cover a review of the accepted counting practices currently used
in radiochemical analyses.

Test method covers the determination of alpha-particle-emitting isotopes of
uranium in water by means of chemical separations and alpha pulse-height
analysis (also known as alpha-particle spectrometry).

Practice describes standard procedures for preparation of test samples
(including the removal of occluded water and moisture) of field samples
collected from locations such as streams, rivers, ponds, lakes, and oceans.
These procedures are applicable to the determination of volatile and
semivolatile constituents of sediments.

Test method covers the determination of tritium in drinking water by liquid
scintillation counting of the tritium beta particle activity. The tritium
concentrations, which can be measured by this test method using currently
available liquid scintillation instruments, range from less than 0.037 Bq/ml
(1 pCi/mL) to 555 Bg/mL (15,000 pCi/mL) for a 10-mL sample aliquot.

Guide describes recommended procedures for the collection, handling, and
preparation of solid waste, soil, and sediment samples for subsequent
determination of volatile organic compounds. This class of compounds
includes low molecular weight aromatics, hydrocarbons, halogenated
hydrocarbons, ketones, acetates, nitrides, acrylates, ethers, and sulfides
with boiling points below 200°C that are insoluble or slightly soluble in
water.
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Table 8. (continued)
Standard
Number Title Summary

D 4696  Standard Guide for Pore-Liquid Sampling Guide discusses equipment and procedures used for sampling pore-liquid

from the Vadose Zone from the vadose zone (unsaturated zone). The guide is limited to in-situ
techniques and does not include soil core collection and extraction methods
for obtaining samples. The term "pore-liquid" is applicable to any liquid
from aqueous pore-liquid to oil. However, all of the samples described in
this guide were designed, and are used, to sample aqueous pore-liquids
only. The abilities of these samplers to collect other pore-liquids may be
quite different than those described.

D 5088  Standard Practice for Decontamination of Practice covers the decontamination of field equipment used in the
Field Equipment Used at Nonradioactive sampling of soils, soil gas, sludges, surface water, and groundwater at
Waste Sites waste sites, which are to undergo both physical and chemical analyses.

Practice is applicable only at sites where chemical (organic and inorganic)
wastes are a concern and is not intended for use at radioactive or mixed
waste sites. Procedures are included for the decontamination of equipment,
which comes into contact with the sample matrix and for ancillary
equipment that has not contacted the portion of sample to be analyzed.

D 5092  Standard Practice for Design and Practice considers the selection and characterization of the target-
Installation of Groundwater Monitoring monitoring zone as an integral component of monitoring well design and
Wells in Aquifers installation. The guidelines in the practice are based on recognized methods

by which monitoring wells may be designed and installed for the purpose
of detecting the presence or absence of a contaminant, and collecting
representative groundwater quality data. The design standards and
installation procedures are applicable to both detection and assessment
monitoring programs for facilities.

D 5299  Standard Guide for Decommissioning of Guide covers procedures related to closure of the following as applied to
Groundwater Wells, Vadose Zone environmental activities: a borehole used for geoenvironmental purposes,
Monitoring Devices, Boreholes, and monitoring wells, observations wells, injection wells, piezometers, wells
Other Devices for Environmental used for the extraction of contaminated groundwater, the removal of
Activities. floating or submerged materials other than water such as gasoline or

tetrachloroethylene, or other devices used for the extraction of soil gas, and
a borehole used to construct a monitoring device.

D 5314  Standard Guide for Soil Gas Monitoring Guide covers information pertaining to a broad spectrum of practices and
in the Vadose Zone applications of soil atmosphere sampling, including sample recovery and

handling, sample analysis, data interpretation, and data reporting.

D 5608  Standard Practice for Decontamination of Practice covers the decontamination of field equipment used in the
Field Equipment Used at Low Level sampling of soils, soil gas, sludges, surface water, and groundwater at
Radioactive Waste Sites waste known or suspected of containing low-level radioactive wastes.

D 5730  Standard Guide for Site Characterization Guide focuses on field methods for determining site characteristics and
for Environmental Purposes with collection of samples for further physical and chemical characterization.
Emphasis on Soil, Rock, the Vadose Zone
and Groundwater

D 5784  Standard Guide for Use of Hollow-Stem Guide covers how hollow-stem auger-drilling systems may be used for
Augers for Geoenvironmental geoenvironmental exploration and installation of subsurface water-quality
Exploration and the Installation of monitoring devices.

Subsurface Water-Quality Monitoring
Devices

E 1278  Standard Guide for Radioactive Pathway Guide provides aid in determining site-specific conversion factors for
Methodology for Releases of Sites translating between dose limits and residual radioactive contamination
Following Decommissioning levels on equipment, structures, and land areas.
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Table 8. (continued)

Standard
Number Title Summary
E 1819  Standard Guide for Environmental Guide covers the development or assessment of environmental monitoring
Monitoring Plans for Decommissioning plans for decommissioning nuclear facilities. Guide addresses development
of Nuclear Facilities of an environmental baseline prior to starting decommissioning activities;

determination of release paths from site activities and their associated
exposure pathways in the environment; and selection of appropriate
sampling locations and media to ensure that all exposure pathways in the
environment are monitored appropriately. Guide also addresses the
interfaces between the environmental monitoring plan and other planning
documents for site decommissioning, such as radiation protection, site
characterization, and waste management plans, and federal, state, and local
environmental protection laws and guidance. Guide is applicable up to the
point of completing D&D activities and the reuse of the facility or area for
other purposes.

3.3 Other Agencies

Department of Defense (DoD) contaminated property and environmental issues are similar to the
DOE’s. A review of DoD’s directives applicable to safety systems and institutional controls, monitoring
and sensors, contamination containment and control, and decision making and institutional performance
was performed. The requirements found were very general—unlike the DOE’s directives, which can be
very specific. Most of the DoD directives referred to the Code of Federal Regulations. It was discovered
that DoD takes a much different approach to environmental cleanup than DOE. DoD’s approach is to
have a broad policy and the details of implementation are accomplished at the field level. At the field
level, cleanup and monitoring are done in accordance with the state and federal laws within the broad
policy of DoD.*

4. STAKEHOLDERS’ CONCERNS

Stakeholders’ concerns are important to the National Long-Term Stewardship Program. A review
of stakeholders’ websites, documents, and reports was performed to determine concerns with respect to
science and technology for long-term stewardship. Appendix D shows the results of the review. There
were many concerns expressed about ensuring appropriate funding for long-term stewardship activities
and deed restrictions; however, these concerns are not considered to be issues that can be resolved by
science and technology. Listed below are the stakeholders’ concerns and the frequency the concerns were
noted. During the review of the websites, documents, and reports, it became apparent that some of the
reports and documents were incorporated into other stakeholder documents. Documents and reports,
which incorporated other stakeholders’ concerns and issues, were not double counted.

. Information Management (25)

The primary concern with respect to information management is the preservation and maintenance
of information over time and accessibility of the information. For example, 25 years ago computer
or IBM cards were used to store data. Today, technology to read IBM cards is for all practical
purposes extinct.

a. Memo of Conversation between Joan McDonald, INEEL, and Shah Choudhury, DoD Environmental Cleanup, June 6, 2002.
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. Engineered Controls (11)

Two key issues were noted for engineered controls: improvements in barrier performance for both
reactive and non-reactive barriers, and assessing the long-term effectiveness of a barrier.

° Modeling (11)
Develop improved modeling systems.
. Characterization (6)
Stakeholders would like improved methods to characterize the residual contaminants.
. Monitoring (4)
Develop monitoring systems, which can detect unfavorable trends.
. Technology (3)
Develop technologies so long-term stewardship is not necessary.
. Research and Development (2)

Ensure meaningful research is conducted for long-term stewardship to improve understanding,
methodologies, and technologies that have the potential to reduce both the cost and risk.

. Roadmap (1)

Investments must be carefully tailored to fulfill priorities that clearly relate to the needs identified
within the Long-Term Stewardship Roadmap.

5. GAPS AND CONFLICTS

Long-Term Stewardship’s mission is to protect human health and the environment. A list of
objectives to accomplish the long-term stewardship mission to protect human health and the environment
was written based on the Science and Technology Roadmapping Work Group Areas:

Information Technology

1. Information must be preserved over the specified time period.

2. The information must be in a form that can be easily retrieved and understood throughout the
specified time period.

Safety System and Institutional Controls

3. All safety systems and related equipment must be protected from reasonably expected natural and
man-caused damage.

4, Security systems shall be provided to ensure waste is not disturbed or removed.
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Monitoring and Sensors

5.

6.

Monitoring shall be performed to ensure protection of the public and the environment.

Monitoring shall be performed to minimize the spread of contamination.

Contamination Containment and Control

7.

8.

9.

Contamination containment and control systems shall continue to protect the public and the
environment through all reasonable natural and man-caused disruptions over the specified time

period.

Contamination containment and control system performance shall be monitored.

Contamination containment and control systems must be capable of being repaired or replaced.

Decision Making and Institutional Performance

10.

11.

A risk-based approach shall be used in decisions that could affect human health and the

environment.

A baseline shall be developed and updated throughout the specified time period considering
changes in the site characteristics, community at risk, land use plans, and applicable policies,
regulations, and laws.

Requirements identified for the Roadmap Work Group Areas were matched to the objectives, as
shown in Table 9. If a match did not occur, a potential gap was identified.

Table 9. Long-term stewardship objectives matched with regulation sources to identify requirement gaps.

Regulation Source

LTS Objective UMTRCA I UMTRCA 11 DOE Orders CERCLA | RCRA
Site-specific in |Site-specific in
accordance to  |accordance to Implied

z |Information must be the long-term  |the long-term requirement to

€ |preserved over the surveillance surveillance prepare five-

.(c‘i specified time period.  [plan. plan. DOE Order 200.1 year review.

2 36 CFR 1236,

§ |The information must be “Management of Vital

g in a form that can be Records,” is a requirement

S |easily retrieved and from DOE Order 200.1.

= |understood throughout Vital records are required

the specified time to be accessible in the
period. event of an emergency.

%  |All safety systems and
S |related equipment must
2  |be protected from 40 CFR
2 » |reasonably expected DOE 5632.1C-1, “Manual 264.14
9 |natural and man-caused for Protection and and
E § damage. Controls” 265.14
:% Security systems shall 40 CFR
>  |be provided to ensure 264.14
< |waste is not disturbed or and
o removed. 10 CFR 61.42 |10 CFR 61.42 265.14
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Table 9. (continued).

Regulation Source

LTS Objective

UMTRCA

UMTRCA II

DOE Orders

CERCLA

RCRA

Monitoring & Sensors

Monitoring shall be
performed to ensure
protection of the public
and the environment.

10 CFR 40.27

10 CFR 40.28

DOE 5400.5

By default
RCRA, 40
CFR 264 or
40 CFR 265
Subpart F

40 CFR

264 or 40
CFR 265
Subpart F

Monitoring shall be
performed to minimize
the spread of
contamination.

10 CFR 40.27

10 CFR 40.28

DOE 5400.5

By default
RCRA, 40
CFR 264 or
40 CFR 265
Subpart F

40 CFR

264 or 40
CFR 265
Subpart F

Contamination Containment & Control

Contamination
containment and control
systems shall continue to
protect the public and
environment through all
reasonable natural and
man-caused disruptions
over the specified time
period.

Contamination
containment and control
system performance
shall be monitored.

40 CFR 192

40 CFR 192

DOE M 435

ROD
dependent

40 CFR
264.310

Contamination
containment and control
systems must be capable
of being repaired or
replaced.

Decision Making & Institutional Performance

A risk-based approach
shall be used in
decisions that could
affect human health and
the environment.

40 CFR 192

40 CFR 192

40 CFR 300

NA

A baseline shall be
developed and updated
throughout the specified
time period considering
changes in the site
characteristics,
community at risk, land
use plans, and applicable
policies, regulations, and
laws.

10 CFR 27

10 CFR 28

DOE Order 5400.1

40 CFR 300
(five-year
review)
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5.1 Information Technology
Gaps exist for both objectives identified for information technology.
Objective 1. Information must be preserved over the specified time period.

As shown in Table 9, a gap exists for those sites closed under RCRA. However, the other requirements
listed in Table 9, which enforce the objective, are not well defined nor will they meet the life cycle of a
long-term stewardship site. For example, for UMTRCA Title I and II, the record requirements are site-
specific in accordance with the long-term surveillance plan for a specific site. Although some sites may
be similar across the complex, there will be inconsistencies. For CERCLA, the requirements are implied,
not specifically stated. DOE Order 200.1 and, particularly, the DOE Environmental Records Schedule
have explicit record retention schedules for environmental records. Many of these schedules do not meet
the needs for the time period that most sites will remain in long-term stewardship. RCRA has very limited
requirements for record retention of sites in post-closure. RCRA requires polychlorinated biphenyl (PCB)
chemical waste landfill facilities to collect and maintain a variety of records, as noted in Note AO
(Appendix A), for at least 20 years after the chemical landfill waste has been closed. For injection wells
closed under RCRA (Note AP of Appendix A), records are to be retained for three years.

Objective 2. The information must be in a form that can be easily retrieved and understood
throughout the specified time period.

DOE Order 200.1 refers to 36 CFR 1236, which requires vital records to be accessible in the event
of an emergency. The remaining regulation sources or site types do not have any requirements to meet the
long-term stewardship Objective 2. Also, the regulations do not account for the rapidly changing
technology of media storage and software to read the media.

5.2 Safety Systems and Institutional Controls

Objective 3. All safety systems and related equipment must be protected from reasonably expected
natural and man-caused damage.

Initially, when reviewing Objective 3, a potential gap exists for UMTRCA Title I and II. However,
UMTRCA Title I and II are maintained under DOE’s direction and, therefore, DOE orders and
DOE 5632.1C-1, “Manual for Protection and Controls,” provide the requirement to help ensure meeting
of Objective 3.

Objective 4. Security systems shall be provided to ensure waste is not disturbed or removed.

DOE and CERCLA do not have any requirements to ensure waste is not disturbed or removed. A
gap does exist in meeting Objective 4. In addition to the gap identified, conflicts exist with respect to
Objective 4 between DOE orders and the Environmental Protection Agency:
. Difference in regards to safety systems
. Definition of institutional controls.

As noted, the Environmental Protection Agency, RCRA, requires security if the hazardous waste

remains exposed after closure or access by the public or domestic livestock may pose a hazard to human
health. The DOE requires protection (security) of government-owned property from damage, destruction,
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or theft. Although both requirements accomplish similar outcomes, the reasons for providing security are
different.

The EPA and the DOE each have definitions for institutional controls. The EPA, “Institutional
Controls: A Site Manager’s Guide to Identifying, Evaluating and Selecting Institutional Controls at
Superfund and RCRA Corrective Action Cleanups,” EPA 540-F-00-005, September 2000, defines
institutional controls:

. Are non-engineered instruments such as administrative and/or legal controls that minimize the
potential for human exposure to contamination by limiting land or resource use

. Are generally to be used in conjunction with, rather than in lieu of, engineering measures such as
waste treatment or containment

. Can be used during all stages of the cleanup process to accomplish various cleanup-related
objectives
. Should be layered (i.e., use multiple institutional controls) or implemented in series to provide

overlapping assurances of protection from contamination.

The document specifically states that the EPA does not consider physical barriers as institutional
controls, which includes fences.

The DOE, “Institutional Controls in RCRA and CERCLA Response Action,” DOE/EH-413-0004,
August 2000, states that institutional controls can include physical barriers (fences) and legal and

communication devices (deed restrictions, zoning, and signs). Although both definitions have similarities,
they do have some distinct differences.

5.3 Monitoring and Sensors

Objective 5. Monitoring shall be performed to ensure protection of the public and the
environment.

Objective 6. Monitoring shall be performed to minimize the spread of contamination.

No gaps were noted for monitoring and sensors. Requirements identified to meet
Objectives 5 and 6 are adequate as written (see Table 10).
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Table 10. Requirements identification for Objectives 5 and 6.

Monitoring and Sensors
Objective 5 Objective 6

Regulation SourceMonitoring shall be performed to ensure protection [Monitoring shall be performed to minimize

of the public and the environment. the spread of contamination.
UMTRCA 1 10 CFR 40.27 10 CFR 40.27
UMTRCA 11 10 CFR 40.28 10 CFR 40.28
DOE Orders DOE Order 5400.5 DOE Order 5400.5

By default RCRA, 40 CFR 264 or 40 CFR 265 By default RCRA, 40 CFR 264 or
CERCLA Subpart F 40 CFR 265 Subpart F
RCRA 40 CFR 264 or 40 CFR 265 Subpart F 40 CFR 264 or 40 CFR 265 Subpart F

5.4 Contamination Containment and Control

Objective 7. Contamination containment and control systems shall continue to protect the public
and the environment through all reasonable natural and man-caused disruptions over the specified time
period.

Objective 7 is considered a design requirement, not an objective for post-closure activities.
Requirements were reviewed for the application to post-closure activities. However, design requirements
are in place for each of the regulation sources or site types and no gaps were identified for Objective 7.
For UMTRCA Title I and 11, 40 CFR 192 ensures Objective 7 is met. DOE Order M 435 requires a
performance assessment to include calculations for a 1,000-year period after closure of potential doses to
representative future members of the public and potential releases from the facility to provide reasonable
expectation that the performance objectives are not exceeded. CERCLA does not have any specific
requirements; the design requirements for Objective 7 would be specified in the Record of Decision.
RCRA (40 CFR 264, Subpart N) requires the liner design, construction, and installation to prevent any
migration of wastes out of the landfill to the adjacent soil subsurface soil or groundwater or surface water
at anytime during the active life, including closure period of the landfill. No gaps were identified for
Objective 7.

Objective 8. Contamination containment and control system performance shall be monitored.
No gaps were identified for Objective 8.

Objective 9. Contamination containment and control systems must be capable of being repaired or
replaced.

Objective 9 is considered a design requirement, not an objective for post-closure activities.
Requirements were reviewed for the application to post-closure activities. However, there are applicable
requirements, which address Objective 9. UMTRCA Title I and II address Objective 9 by requiring
minimal maintenance as a design requirement. DOE orders have a similar approach by requiring disposal
facilities to be designed to achieve long-term stability and to minimize to the extent practical the need for
active maintenance following closure (DOE Order M 435). RCRA (40 CFR 264, Subpart N) states
requirements for caps by requiring final caps to function with minimum maintenance and to accommodate
settling and subsidence so that the cover’s integrity is maintained. No gaps were identified for
Objective 9.
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5.5 Decision Making and Institutional Performance

Objective 10. A risk-based approach shall be used in decisions that could affect human health and
the environment.

It is assumed that many of the decisions and performance measures will be based on monitoring
data. Trigger points for a corrective action are likely to be dictated by values established by the
Environmental Protection Agency such as the maximum concentration levels for water. Many of these
values are based on the fact that there is no known or expected risk to health if the values are not
exceeded. However, it is not clear that the values established in DOE orders are based on risk. It is
assumed that they are and, therefore, a gap does not exist.

Objective 11. A baseline shall be developed and updated throughout the specified time period
considering changes in the site characteristics, community at risk, land use plans, and applicable
policies, regulations, and laws.

Only CERCLA and DOE orders meet the intent of Objective 11. UMTRCA Title I and II require a
baseline to be established and for inspectors to periodically review the baseline. UMTRCA Title I and II
do not have any requirements to review changes in laws and their effects on the baseline that CERCLA in
the five-year review require. At closure, RCRA requires a baseline of type, location, and quantity of
hazardous wastes disposed of to be established. RCRA does not have requirements to review changes in
laws and their effects on the baseline during post-closure care. A potential gap exists to ensure baselines
are reviewed to account for changes in site characteristics, land use plans, and applicable policies,
regulations, and laws. However, one could argue that DOE Order 5400.1 ensures Objective 11 is met, and
assuming long-term stewardship sites are under DOE direction, and therefore are required to meet
DOE Order 5400.1, a gap does not exist.
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6. RECOMMENDATIONS

To support the objectives listed in Section 5, “Gaps and Conflicts,” the following are
recommendations:

. A record retention schedule requirement should be developed to ensure the appropriate records are
retained for the specified time period. Record retention schedule should identify which records
need to be retained and their length of retention. (Objective 1).

. A requirement needs to be developed to ensure records are accessible and retrievable throughout
the specified time period. The requirement should also take in account the rapidly changing
technology of media storage and software to read the media. (Objective 2).

. DOE should develop a requirement to ensure the waste is not disturbed or removed. (Objective 4).

. DOE should use the same terminology as the Environmental Protection Agency for institutional
controls. DOE should not refer or define signs, fences, and security systems as institutional
controls. Call them what they are—security and safety measures, but retain their function to protect
human health and the environment. (Objective 4).

. Although a gap was not identified for Objective 11, developing a good baseline and ensuring that
over time the baseline is evaluated (to meet Objective 11) is important to the success of the
Long-Term Stewardship Program. DOE should ensure the Long-Term Stewardship Program has a
requirement in place to ensure the baseline is developed and reviewed to account for the changes in
site characteristics, community at risk, land use plans, and applicable policies, regulations, and
laws. (Objective 11).

30



APPENDIX A

Notes and Reference Material

A-1






Note A

UMTRCA Title I
Monitoring and Sensors
Groundwater

40 CFR 192 Subparts A, B, and C, apply to UMTRCA Title I. Subparts A and B for groundwater
monitoring are the referenced material used for the summary information. Subpart C has supplemental
standards that “may” be used. The supplemental standards were not discussed in the summary
information nor are they presented here.

Part 192 - Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings
Subpart A - Standards for the Control of Residual Radioactive Materials from Inactive Uranium Processing Sites
§2. Standards

(c) Provide reasonable assurance of conformance with the following groundwater protection provisions:
(1) The Secretary shall, on a site-specific basis, determine which of the constituents listed in Appendix I to Part
192 are present in or reasonably derived from residual radioactive materials and shall establish a monitoring
program adequate to determine background levels of each such constituent in groundwater at each disposal site.

(2) The Secretary shall comply with conditions specified in a plan for remedial action which includes
engineering specifications for a system of disposal designed to ensure that constituents identified under
paragraph (c)(1) of this section entering the groundwater from a depository site (or a processing site, if residual
radioactive materials are retained on the site) will not exceed the concentration limits established under
paragraph (c)(3) of this section (or the supplemental standards established under §192.22) in the uppermost
aquifer underlying the site beyond the point of compliance established under paragraph (c)(4) of this section.

(3) Concentration limits:

(1) Concentration limits shall be determined in the groundwater for listed constituents identified under paragraph (c)(1) of
this section. The concentration of a listed constituent in groundwater must not exceed:

(A) The background level of that constituent in the groundwater; or

(B) For any of the constituents listed in Table 1 to subpart A, the respective value given in that Table if the
background level of the constituent is below the value given in the Table; or

(C) An alternate concentration limit established pursuant to paragraph (c)(3)(ii) of this section.

(11)(A) The Secretary may apply an alternate concentration limit if, after considering remedial or corrective actions to
achieve the levels specified in paragraphs (c)(3)(i)(A) and (B) of this section, he has determined that the constituent will
not pose a substantial present or potential hazard to human health and the environment as long as the alternate
concentration limit is not exceeded, and the Commission has concurred.

(B) In considering the present or potential hazard tohuman health and the environment of alternate
concentration limits, the following factors shall be considered:

( 1) Potential adverse effects on groundwater quality, considering:

( i) The physical and chemical characteristics of constituents in the residual radioactive
material at the site, including their potential for migration;

( ii ) The hydrogeological characteristics of the site and surrounding land;

( iii ) The quantity of groundwater and the direction of groundwater flow;

( iv) The proximity and withdrawal rates of groundwater users;

( v) The current and future uses of groundwater in the region surrounding the site;

( vi) The existing quality of groundwater, including other sources of contamination and
their cumulative impact on the groundwater quality;

( vii ) The potential for health risks caused by human exposure to constituents;

( viii ) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to constituents;

( ix ) The persistence and permanence of the potential adverse effects;

( x ) The presence of underground sources of drinking water and exempted aquifers
identified under §144.7 of this chapter; and

( 2) Potential adverse effects on hydraulically -connected surface-water quality, considering:

( i) The volume and physical and chemical characteristics of the residual radioactive
material at the site;
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( ii') The hydrogeological characteristics of the site and surrounding land;

( iii ) The quantity and quality of groundwater, and the direction of groundwater flow;
( iv) The patterns of rainfall in the region;

( v) The proximity of the site to surface waters;

( vi ) The current and future uses of surface waters in the region surrounding the site and
any water quality standards established for those surface waters;

( vii ) The existing quality of surface water, including other sources of contamination and
their cumulative impact on surface water quality;

( viii ) The potential for health risks caused by human exposure to constituents;

(ix ) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to constituents; and

( x) The persistence and permanence of the potential adverse effects.

(4) Point of compliance: The point of compliance is the location at which the groundwater concentration limits
of paragraph (c)(3) of this section apply. The point of compliance is the intersection of a vertical plane with the
uppermost aquifer underlying the site, located at the hydraulically downgradient limit of the disposal area plus
the area taken up by any liner, dike, or other barrier designed to contain the residual radioactive material.

§3. Monitoring

A groundwater monitoring plan shall be implemented, to be carried out over a period of time commencing upon completion of remedial actions
taken to comply with the standards in §192.02, and of a duration which is adequate to demonstrate that future performance of the system of
disposal can reasonably be expected to be in accordance with the design requirements of §192.02(c). This plan and the length of the monitoring
period shall be modified to incorporate any corrective actions required under §192.04 or §192.12(c).

Table 1 to Subpart A -- Maximum Concentration of Constituents for Groundwater Protection

Constituent concentration\l\ Maximum
ATSENIC...oveeeviiiiiiiiieieec e 0.05
Barium.......cococeeeen e 1.0
Cadmium........cccccceuecreininnnne. 0.01
Chromium.......c.cccccecevvenennnenens 0.05
Lead....cccoovnniniicicccnne 0.05
MBErcury.......ccceeureeveeecennenenenes 0.002
Selenium........ccccoeeeeverveninnnne 0.01
SIVeT...coieieceicreces 0.05

Nitrate (as N)..o.ooveeeenereennne 10.
Molybdenum...........c.ccceereunnnne. 0.1

Combined radium-226 and radium-228...... 5 pCi/liter
Combined uranium-234 and uranium-238\2\. 30 pCi/liter
Gross alpha-particle activity (excluding 15 pCi/liter
radon and uranium).

Endrin (1,2,3,4,10,10-hexachloro-6,7-  0.0002
exposy-1,4,4a,5,6,7,8,8a-octahydro-1,4-
endo,endo-5,8-dimethanonaphthalene).

Lindane (1,2,3,4,5,6- 0.004
hexachlorocyclohexane, gamma insomer).

Methoxychlor (1,1,1-trichloro-2,2'-bis(p- 0.1
methoxyphenylethane)).

Toxaphene (Go Hio Cls, technical 0.005
chlorinated camphene, 67-69 percent
chlorine).

2,4-D (2,4-dichlorophenoxyacetic acid).. 0.1



2,4,5-TP Silvex (2,4.,5- 0.01

trichlorophenoxypropionic acid).

\1\Milligrams per liter, unless stated otherwise.

\2\Where secular equilibrium obtains, this criterion will be satisfied
by a concentration of 0.044 milligrams per liter (0.044 mg/1). For
conditions of other than secular equilibrium, a corresponding value
may be derived and applied, based on the measured site-specific ratio

of the two isotopes of uranium.

Subpart B - Standards for Cleanup of Land and Buildings Contaminated With Residual Radioactive Materials from Inactive Uranium
Processing Sites

§12. Standards

c¢) The Secretary shall comply with conditions specified in a plan for remedial action which provides that contamination of groundwater by listed
constituents from residual radioactive material at any designated processing site (§192.01(1)) shall be brought into compliance as promptly as is
reasonably achievable with the provisions of §192.02(c)(3) or any supplemental standards established under §192.22. For the purposes of this
subpart:

(1) A monitoring program shall be carried out that is adequate to define backgroundwater quality and the areal
extent and magnitude of groundwater contamination by listed const ituents from residual radioactive materials
(§192.02(c)(1)) and to monitor compliance with this subpart. The Secretary shall determine which of the
constituents listed in Appendix I to part 192 are present in or could reasonably be derived from residual
radioactive material at the site, and concentration limits shall be established in accordance with §192.02(c)(3).

(2) (i) If the Secretary determines that sole reliance on active remedial procedures is not appropriate and that
cleanup of the groundwater can be more reasonably accomplished in full or in part through natural flushing,
then the period for remedial procedures may be extended. Such an extended period may extend to a term not to
exceed 100 years if:

(A) The concentration limits established under this subpart are projected to be satisfied at the end of this
extended period,

(B) Institutional control, having a high degree of permanence and which will effectively protect public health
and the environment and satisfy beneficial uses of groundwater durin g the extended period and which is
enforceable by the administrative or judicial branches of government entities, is instituted and maintained, as
part of the remedial action, at the processing site and wherever contamination by listed constituents from
residual radioactive materials is found in groundwater, or is projected to be found, and

(C) The groundwater is not currently and is not now projected to become a source for a public water system
subject to provisions of the Safe Drinking Water Act during the extended period.

(i1) Remedial actions on groundwater conducted under this subpart may occur before or after actions under Section
104(f)(2) of the Act are initiated.

(3) Compliance with this subpart shall be demonstrated through the monitoring program established under paragraph (c)(1) of this
section at those locations not beneath a disposal site and its cover where groundwater contains listed constituents from residual
radioactive material.



Note B

UMTRCA Title 11
Monitoring and Sensors
Groundwater

40 CFR 192 Subparts D and E apply to UMTRCA Title II. 40 CFR 192 Subpart D, paragraph 32 (a) (2)
(1) refers to 40 CFR 264.93, which also can be referred to as 40 CFR 264, Subpart F. 40 CFR 264.93
refers to the hazardous constitutent list from 40 CFR 261 Appendix VIII, which is not included in this
note because of its length.



Note C

UMTRCA Title I
Monitoring and Sensors
Air

The applicable standards for UMTRCA Title I & II sites are 40 CFR 192, Subparts A, B, C, D and E.

Air monitoring is required for UMTRCA Title I sites, but not for UMTRCA Title II sites. The
monitoring is performed as part of the closure process for one year prior to closure to ensure the barrier or
cap is functioning as designed.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

Part 192 Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings

Subpart A - Standards for the Control of Residual Radioactive Materials from Inactive Uranium Processing Sites

§2. Standards

Control of residual radioactive materials and their listed constituents shall be designed' to:
"Because the standard applies to design, monitoring after disposal is not required to demonstrate compliance with respectto §192.02(a) and (b).
(a) Be effective for up to one thousand years, to the extent reasonably achievable, and, in any case, for at least 200 years, and,
(b) Provide reasonable assurance that releases of radon-222 from residual radioactive material to the atmosphere will not:
(1) Exceed an average”® release rate of 20 picocuries per square meter per second, or

? This average shall apply over the entire surface of the disposal site and over at least a one-year period. Radon will come from both
residual radioactive materials and from materials covering them. Radon emissions from the covering materials should be estimated as
part of developing a remedial action plan for each site. The standard, however, applies only to emissions from residual radioactive
materials to the atmosphere.

(2) Increase the annual average concentration of radon-222 in air at or above any location outside the disposal site by more than one-
half picocurie per liter.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY

SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

Part 192 - Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings

Subpart D - Standards for Management of Uranium Byproduct Materials Pursuant to Section 84 of the AtomicEnergy Act of 1954, as
Amended

§32. Standards

(a) Standards for application during processing operations and prior to the end of the closure period. (1) Surface impoundments (except for an
existing portion) subject to this subpart must be designed, constructed, and installed in such manner as to conform to the requirements of
§264.221 of this chapter, except that at sites where the annual precipitation falling on the impoundment and any drainage area contributing
surface runoff to the impoundment is less than the annual evaporation from the impoundment, the requirements of §264.228(a)(2) (iii)(E)
referenced in §264.221 do not apply.

(4)(1) Upon emplacement of the permanent radon barrier pursuant to 40 CFR 192.32(a)(3), the licensee shall conduct appropriate
monitoring and analysis of the radon-222 releases to demonstrate that the design of the permanent radon barrier is effective in limiting
releases of radon-222 to a level not exceeding 20 pCi/m * -s as required by 40 CFR 192.32(b)(1)(ii). This monitoring shall be
conducted using the procedures described in 40 CFR part 61, Appendix B, Method 115, or any other measurement method proposed
by a licensee that the Nuclear Regulatory Commission or Agreement State approves as being at least as effective as EPA Method 115
in demonstrating the effectiveness of the permanent radon barrier in achieving compliance with the 20 pCi/m? -s flux standard.

(i1) When phased emplacement of the permanent radon barrier is included in the applicable tailings closure plan (radon), then radon
flux monitoring required under §192.32(a)(4)(i) shall be conducted, however the licensee shall be allowed to conduct such monitoring
for each portion of the pile or impoundment on which the radon barrier has been emplaced by conducting flux monitoring on the
closed portion.

(b) Standards for application after the closure period. At the end of the closure period:
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(1) Disposal areas shall each comply with the closure performance standard in §264.111 of this chapter with respect to nonradiological
hazards and shall be designed ' to provide reasonable assurance of control of radiological hazards to

! The standard applies to design with a monitoring requirement as specified in §192.32(a)(4).
(1) Be effective for one thousand years, to the extent reasonably achievable, and, in any case, for at least 200 years, and,

(ii) Limit releases of radon-222 from uranium byproduct materials to the atmosphere so as to not exceed an average >
release rate of 20 picocuries per square meter per second (pCi/m2s).

? This average shall apply to the entire surface of each disposal area over periods of at least one year, but short compared to
100 years. Radon will come from both uranium byproduct materials and from covering materials. Radon emissions from
covering materials should be estimated as part of developing a closure plan for each site. The standard, however, applies
only to emissions from uranium byproduct materials to the atmosphere.

(2) The requirements of §192.32(b)(1) shall not apply to any portion of a licensed and/or disposal site which contains a concentration
of radium-226 in land, averaged over areas of 100 square meters, which, as a result of uranium byproduct material, does not exceed
the background level by more than:

(i) S picocuries per gram (pCi/g), averaged over the first 15 centimeters (cm) below the surface, and

(i) 15 pCi/g, averaged over 15 cm thick layers more than 15 cm below the surface.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

Part 192 - Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings

Subpart E - Standards for Management of Thorium Byproduct Materials Pursuant to Section 84 of the Atomic Energy Act of 1954, as
Amended

§41. Provisions

Except as otherwise noted in §192.41(e), the provisions of subpart D of this part, including §§192.31, 192.32, and 192.33, shall apply to thorium
byproduct material and:

(a) Provisions applicable to the element uranium shall also apply to the element thorium;
(b) Provisions applicable to radon-222 shall also apply to radon-220; and
(c) Provisions applicable to radium-226 shall also apply to radium -228.

(d) Operations covered under §192.32(a) shall be conducted in such a manner as to provide reasonable assurance that the annual dose equivalent
does not exceed 25 millirems to the whole body, 75 millirems to the thyroid, and 25 millirems to any other organ of any member of the public as
a result of exposures to the planned discharge of radioact ive materials, radon-220 and its daughters excepted, to the general environment.

(e) The provisions of §192.32(a) (3) and (4) do not apply to the management of thorium byproduct material.



Note D
UMTRCA Title II
Monitoring and Sensors
Air

There are two standards for UMTRCA Title II standards. Application of which the standard
depends on if the tailings contains uranium or thorium. Subpart D is applicable to the management of
uranium byproduct materials. Subpart E is applicable to the management of thorium byproduct materials.
Subpart E, paragraph 41.(e) states the provisions of 192.34 (a) (4) do not apply to the management of
thorium byproduct. 10 CFR 40, Appendix A, criterion 6, foot note 1 states the standard only applies to
design. Monitoring for radon emission from thorium byproduct materials after installation of an
appropriately designed cover is not required.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER F - RADIATION PROTECTION PROGRAMS
Part 192 - Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings

Subpart D - Standards for Management of Uranium Byproduct Materials Pursuant to Section 84 of the Atomic Energy Act of 1954, as
Amended

§32. Standards

(a) Standards for application during processing operations and prior to the end of the closure period. (1) Surface impoundments (except for an
existing portion) subject to this subpart must be designed, constructed, and installed in such manner as to conform to the requirements of
§264.221 of this chapter, except that at sites where the annual precipitation falling on the impoundment and any drainage area contributing
surface runoff to the impoundment is less than the annual evaporation from the impoundment, the requirements of §264.228(a)(2) (iii)(E)
referenced in §264.221 do not apply.

(4)(i) Upon emplacement of the permanent radon barrier pursuant to 40 CFR 192.32(a)(3), the licensee shall conduct appropriate
monitoring and analysis of the radon-222 releases to demonstrate t hat the design of the permanent radon barrier is effective in limiting
releases of radon-222 to a level not exceeding 20 pCi/m * -s as required by 40 CFR 192.32(b)(1)(ii). This monitoring shall be
conducted using the procedures described in 40 CFR part 61, Appendix B, Method 115, or any other measurement method proposed
by a licensee that the Nuclear Regulatory Commission or Agreement State approves as being at least as effective as EPA Method 115
in demonstrating the effectiveness of the permanent radon barrier in achieving compliance with the 20 pCi/m? -s flux standard.

Subpart E - Standards for Management of Thorium Byproduct Materials Pursuant to Section 84 of the Atomic Energy Act of 1954, as
Amended

§41. Provisions

Except as otherwise noted in §192.41(e), the provisions of subpart D of this part, including §§192.31, 192.32, and 192.33, shall apply to thorium
byproduct material and:

(a) Provisions applicable to the element uranium shall also apply to the element thorium;
(b) Provisions applicable to radon-222 shall also apply to radon-220; and
(c) Provisions applicable to radium-226 shall also apply to radium -228.

(d) Operations covered under §192.32(a) shall be conducted in such a manner as to provide reasonable assurance that the annual dose equivalent
does not exceed 25 millirems to the whole body, 75 millirems to the thyroid, and 25 millirems to any other organ of any member of the public as
a result of exposures to the planned discharge of radioactive materials, radon-220 and its daughters excepted, to the general environment.

(e) The provisions of §192.32(a) (3) and (4) do not apply to the management of thorium byproduct material.

[48 FR 45946, Oct. 7, 1983, as amended at 58 FR 60356, Nov. 15, 1993]



TITLE 10 - ENERGY
CHAPTER I- NUCLEAR REGULATORY COMMISSION

Part 40 - Domestic Licensing of Source Material

Appendix A - Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction
or Concentration of Source Material from Ores Processed Primarily for Their Source Material Content

Criterion 6 - (1) In disposing of waste byproduct material, licensees shall place an earthen cover (or approved alternative)
over tailings or wastes at the end of milling operations and shall close the waste disposal area in accordance with a design '
which provides reasonable assurance of control of radiological hazards to (i) be effective for 1,000 years, to the extent
reasonably achievable, and, in any case, for at least 200 years, and (ii) limit releases of radon-222 from uranium byproduct
materials, and radon-220 from thorium byproduct materials, to the atmosphere so as not to exceed an average® release
rate of 20 picocuries per square meter per second (pCi/m ? s) to the extent practicable throughout the effective design life
determined pursuant to (1)(i) of this Criterion. In computing required tailings cover thicknesses, moisture in soils in excess
of amounts found normally in similar soils in similar circumstances may not be considered. Direct gamma exposure from
the tailings or wastes should be reduced to background levels. The effects of any thin synthetic layer may not be taken into
account in determining the calculated radon exhalation level. If non-soil materials are proposed as cover materials, it must
be demonstrated that these materials will not crack or degrade by differential settlement, weathering, or other mechanism,
over long-term intervals.

! In the case of thorium byproduct materials, the standard applies only to design. Monitoring for radon emissions from
thorium byproduct materials after installation of an appropriately designed cover is not required.



Note E

Engineering Systems
UMTRCA Title 11
Surface Impoundments

40 CFR 192.32 requires surface impoundments after closure to comply with the closure performance
standard of 40 CFR 264.111 for nonradiological hazards. In addition to what is stated in 40 CFR
264.111, 40 CFR 228 closure standards are referenced. 40 CFR 264.228 are the standards for surface
impoundments. 40 CFR 264.111 lists other standards that are for other types of systems not applicable to
UMTRCA Title II facilities.

A surface impoundment or impoundment as defined by 40 CFR 260.10:

Surface impoundment or impoundment means a facility or part of a facility
which is a natural topographic depression, man-made excavation, or diked area
formed primarily of earthen materials (although it may be lined with man-made
materials), which is designed to hold an accumulation of liquid wastes or wastes
containing free liquids, and which is not an injection well. Examples of surface
impoundments are holding, storage, settling, and aeration pits, ponds, and
lagoons.

40 CFR 264.228 refers to 40 CFR 264.117 to 40 CFR 264.120. 40 CFR 264.117 refers back to 40 CFR
264, Subpart K (surface impoundments 40 CFR 264.220-231). Further guidance is provided by 10 CFR
40, Appendix A, Criterion 12, Long-Term Site Surveillance, which states as a minimum, annual site
inspections must be conducted by the government agency responsible for long-term care of the disposal
site to confirm its integrity and to determine the need, if any, for maintenance and/or monitoring.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

Part 192 - Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings

Subpart D - Standards for Management of Uranium Byproduct Materials Pursuant to Section 84 of the Atomic Energy Act of 1954, as
Amended

§32. Standards
(a) Standards for application during processing operations and prior to the end of the closure period.

(4)(i) Upon emplacement of the permanent radon barrier pursuant to 40 CFR 192.32(a)(3), the licensee shall conduct appropriate
monitoring and analysis of the radon-222 releases to demonstrate that the design of the permanent radon barrier is effective in limiting
releases of radon-222 to a level not exceeding 20 pCi/m * -s as required by 40 CFR 192.32(b)(1)(ii). This monitoring shall be
conducted using the procedures described in 40 CFR part 61, Appendix B, Method 115, or any other measurement method proposed
by a licensee that the Nuclear Regulatory Commission or Agreement State approves as being at least as effective as EPA Method 115
in demonstrating the effectiveness of the permanent radon barrier in achieving compliance with the 20 pCi/m? -s flux standard.

(i1) When phased emplacement of the permanent radon barrier is included in the applicable tailings closure plan (radon),
then radon flux monitoring required under §192.32(a)(4)(i) shall be conducted, however the licensee shall be allowed to
conduct such monitoring for each portion of the pile or impoundment on which the radon barrier has been emplaced by
conducting flux monitoring on the closed portion.

(b) Standards for application after the closure period. At the end of the closure period:

(1) Disposal areas shall each comply with the closure performance standard in §264.111 of this chapter with respect to nonradiological
hazards and shall be designed ' to provide reasonable assurance of control of radiological hazards to

! The standard applies to design with a monitoring requirement as specified in §192.32(a)(4).
(i) Be effective for one thousand years, to the extent reasonably achievable, and, in any case, for at least 200 years, and,

(i) Limit releases of radon-222 from uranium byproduct materials to the atmosphere so as to not exceed an average >
release rate of 20 picocuries per square meter per second (pCi/m2s).

? This average shall apply to the entire surface of each disposal area over periods of at least one year, but short compared to
100 years. Radon will come from both uranium byproduct materials and from covering materials. Radon emissions from
covering materials should be estimated as part of developing a closure plan for each site. The standard, however, applies
only to emissions from uranium byproduct materials to the atmosphere.
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(2) The requirements of §192.32(b)(1) shall not apply to any portion of a licensed and/or disposal site which contains a concentratio n
of radium-226 in land, averaged over areas of 100 square meters, which, as a result of uranium byproduct material, does not exceed
the background level by more than:

(1) 5 picocuries per gram (pCi/g), averaged over the first 15 centimeters (cm) below the surface, and

(ii) 15 pCi/g, averaged over 15 cm thick layers more than 15 cm below the surface.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart G - Closure and Post-Closure

§111. Closure performance standard

The owner or operator must close the facility in a manner that:
(a) Minimizes the need for further maintenance; and

(b) Controls, minimizes or eliminates, to the extent necessary to protect human health and the environment, post -closure escape of hazardous
waste, hazardous constituents, leachate, contaminated run-off, or hazardous waste decomposition products to the ground or surface waters or to
the atmosphere; and

(c) Complies with the closure requirements of this subpart, including, but not limited to, the requirements of §§264.178, 264.197,264.228,
264.258,264.280,264.310,264.351, 264.601 through 264.603, and 264.1102.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart K - Surface Impoundments

§228. Closure and post-closure care

b) If some waste residues or contaminated materials are left in place at final closure, the owner or operator must comply with all post-closure
requirements contained in §§264.117 through 264.120, including maintenance and monitoring throughout the post - closure care period (specified
in the permit under §264.117). The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as necessary to correct the effects of
settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.221(c)(2)(iv) and (3) and 264.226(d), and comply with
all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part; and

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post-closure care for each hazardous waste management unit subject to the requirements of §§264.117 through 264.120 must
begin after completion of closure of the unit and continue for 30 years after that date and must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, N, and X of this part; and

(i1) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L,
M, N, and X of this part.

(2) Any time preceding partial closure of a hazardous waste management unit subject to post-closure care requirements or final
closure, or any time during the post -closure period for a particular unit, the Regional Administrator may, in accordance with the
permit modification procedures in parts 124 and 270:

(i) Shorten the post-closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous wastes, application of advanced technology,
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or alternative disposal, treatment, or re-use techniques indicatethat the hazardous waste management unit or facility is
secure); or

(ii) Extend the post-closure care period applicable to the hazardous waste management unit or facility if he finds that the
extended period is necessary to protect human health and the environment (e.g., leachate or groundwater monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administrator may require, at partial and final closure, continuation of any of the security requirements of §264.14 during part
or all of the post-closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment sy stem, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.

(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §264.118.

TITLE 10 - ENERGY
CHAPTER I- NUCLEAR REGULATORY COMMISSION

Part 40 - Domestic Licensing of Source Material

Appendix A - Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction
or Concentration of Source Material from Ores Processed Primarily for Their Source Material Content

IV. LONG-TERM SITE SURVEILLANCE

Criterion 12 -- The final disposition of tailings, residual radioactive material, or wastes at milling sites should be such that ongoing active
maintenance is not necessary to preserve isolation. As a minimum, annual site inspections must be conducted by the government agency
responsible for long-term care of the disposal site to confirm its integrity and to determine the need, if any, for maintenance and/or monitoring.
Results of the inspections for all the sites under the licensee's jurisdiction will be reported to the Commission annually within 90 days of the last
site inspection in that calendar year. Any site where unusual damage or disruption is discovered during the inspection, however, will require a
preliminary site inspection report to be submitted within 60 days. On the basis of a site specific evaluation, the Commission may require more
frequent site inspections if necessary due to the features of a particular disposal sit e. In this case, a preliminary inspection report is required to be
submitted within 60 days following each inspection.



Note F

Engineering Systems
DOE

Landfills

DOE Order 435 has requirements for three different types of waste facilities: high-level waste, transuranic
waste, and low-level waste. High-level waste and traunsuranic waste is not discussed here since both of
these waste types have specific disposal facilities: Yucca Mountain and WIPP. Yucca Mountain and
WIPP have very specific standards for these facilities. These two facilities are very much a minority
when compared to vast majority of the sites slated to enter long-term stewardship. To be efficient with
the available resources in identifying requirements, Yucca Mountain and WIPP are not included in the
discussion of requirements.

There are several LTS sites, which contain low-level disposal facilities or landfills. DOE has
requirements for their post-closure care, but not as specific as the requirements found in 40 CFR 264
Subpart G. The pertinent standard for low-level waste disposal facilities is found in DOE G 435.1-1,
Technical Basis and Considerations for DOE M 435.1-1, and is noted below.

Chapter IV - Low-Level Waste Requirements

IV. Q.(2) Disposal Facility Closure .

(c) Institutional control measures shall be integrated into land use and stewardship plans and programs, and shall continue until the
facility can be released pursuant to DOE 5400.5, Radiation Protection of the Public and the Environment.

(d) The location and use of the facility shall be filed with the local authorities responsible for land use and zoning.

Objective:

The objective of these requirements is to ensure that institutional control will continue until the low-level waste disposal facility can be released
for unrestricted use and that local land use records appropriately record the previous use of the land as a radioactive waste disposal facility to
provide additional protection again misuse of the land and the possibility of an inadvertent intrusion.

Discussion:

Institutional Control. Institutional control, for the purposes of performance assessment, is typically assumed to last for 100 years. However, the
actual period of institutional control, when DOE maintains a custodial presence and controls the use of the land, lasts until the facility can be
released. A low-level waste disposal facility cannot be released until the requirements for public and environmental radiation protection of DOE
5400.5, Radiation Protection of the Public and the IV-236 DOE G 435.1-1 7-09-99 Environment (or 10 CFR Part 834, when promulgated), for
releasing a facility for unrestricted use are met. Institutional controls are no longer necessary for a facility released for unrestricted use.

For low-level waste disposal facilities, the period of institutional control could extend long beyond 100 years before the requirements of DOE
5400.5 are met. The closure plan includes the necessary activities to be performed during this period of institutional control to ensure the
protection of the public health and the environment, such as facility monitoring, custodial maintenance, access controls, corrective actions,
passive controls and restrictions, reporting requirements, and record keeping. The determination of the necessary activities to be performed
during the institutional control period is based on the documentation and analysis included in the facility radioactive waste management basis,
including the performance assessment, composite analysis, closure plan, and monitoring plan. Institutional c ontrol measures must be incorporated
into the site’s land use and stewardship plans and programs to ensure that control of the site is not compromised. Throughout the period of
institutional control, the responsibility for maintaining the facility to protect the public and the environment rests with the Field Office Manager.



Note G

Sensors and Monitoring
RCRA

Closure Plans

40 CFR 264.110 and 265.110, Subpart G, require a RCRA post-closure plan for:
¢ All hazardous waste disposal facilities

e Waste piles and surface impoundments from which the owner or operator intends to remove the
wastes at closure to the extent that Subpart G is applicable

e Tank systems that are required to meet the requirements for landfills
e Containment buildings that are required to meet the requirement for landfill closure.

Containment building, as used above and defined by 40 CFR 260.10, means a hazardous waste

management unit that is used to store or treat hazardous waste under the provisions of subpart DD of 40
CFR 264 or 265.



Note H

Sensors and Monitoring
DOE

Groundwater

For drinking water pathway only, for public community drinking water standards (50 CFR 141), state
systems shall not cause persons consuming drinking water to receive an effective dose equivalent greater
than 4 mrem in a year. Combined radium 226 and radium 228 shall not exceed 5 pCi/l and gross alpha
activity (including radium 226 but excluding radon and uranium) shall not exceed 15 pCi/l.

DOE Order 5400.5, Chapter III, contains the principle standards and guides for release of radionuclides.
Chapter 111, Figure III-1, lists derived concentration guides (DCGs). The DCGs represent the
concentrations of radioactivity in air inhaled or water ingested continuously during a year that resulted in
a 100-mrem, 50-year committed effective dose equivalent. The DCGs yield the maximum dose a person
could receive at the location where the sample was collected, given the following two assumptions: (1)
the concentration was at the DCG level continuously for the entire year, and (2) the person receiving the
exposure was at that location for the entire year, continually drinking the water or inhaling the air.

DOE 5400, CHAPTER II, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE ENVIRONMENT

1. PUBLIC DOSE LIMITS. Dose limis for members of the public are presented in this chapter. The primary public dose limits include
consideration of all exposure modes from-all DOE-activities (including remedial actions). The primary dose limit is expressed as an effective
dose equivalent, a term developed by the ICRP for their risk-based system, which requires the weighted summation of doses to various organs of
the body. Additional public dose limits are established by EPA regulations for exposures to several selected sources or exposure modes
(pathways or conditions). Public dose limits promulgated by EPA for selected exposure modes are sometimes expressed as dose equivalents,
which do not include risk -based weighting or summation of doses to various organs, and sometimes expressed as effective dose equivalent. DOE
must also comply with legally applicable requirements (e.g., 40 CFR Parts 61, 191, and 192 and 10 CFR Parts 60 and 72), including
administrative and procedural requirements. Except for those provided in paragraph II.1a(4), admnistrative and procedural requirements of
legally applicable regulations are not addressed in this Order. Such legally applicable regulations must be consulted for provisions not addressed
in this Order.

d. Drinking Water Pathway Only, All DOE Sources of Radionuclides. It is the policy of DOE to provide a level of Protection for
persons consuming water from a public drinking water supply operated by the DOE, either directly or through a DOE contractor, that
is equivalent to that provided to the public by the public community drinking water standards of 40 CFR Part 141. These systems shall
not cause persons consuming the water to receive an effective dose equivalent greater than 4 mrem (0.04 mSv) in a year. Combined
radium-226 and radium-228 shall not exceed 5X10°° uCi/ml and gross alpha activity (including radium-226 but excluding radon and
uranium) shall not exceed 1.5x10% uCi/ml.

(1) DOE Drinking Water Systems. The dose limit is consistent with the drinking water criteria in 40 CFR Part 141,
“National Inteim Primary Drinking Water Regulations (Safe Drinking Water Act).”

(2) Dose Components. The dose limit is the effective dose equivalent to individuals whose exclusive source of drinking
water contains a radionuclide, or a mixture of radionuclides, at a monthly average level of four percent of the appropriate
DCQG value. For simplicity, it is assumed that site workers are also exposed to four percent of DCG values or the radium
and gross alpha levels in I1.1d for drinking water while away from the DOE site.

(3) Impact on Other Systems. The liquid effluents from DOE activities shall not cause private or public drinking water
systems downstream of the facility discharge to exceed the drinking water radiologicallimits in 40 CFR Part 141.

TITLE 40 - PROTECTION O F ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER D - WATER PROGRAMS

Part 141 - National Primary Drinking Water Regulations

Subpart B- Maximum Contaminant Levels
§15. Maximum contaminant levels for radium-226, radium-228, and gross alpha particle radioactivity in community water systems

The following are the maximum contaminant levels for radium-226, radium-228, and gross alpha particle radioactivity:
(a) Combined radium-226 and radium-228 -- 5 pCi/1.

(b) Gross alpha particle activity (including radium-226 but excluding radon and uranium) -- 15 pCi/1.

DOE Order 5400.5, CHAPTER III, DERIVED CONCENTRATION GUIDES FOR AIR AND WATER

2. BASIS. The DCG values are presented for each of three exposure modes: (1) ingestion of water; (2) inhalation of air; and (3) immersion in a
gaseous cloud. The DCG values for internal exposure shown in Figure III-1 are based on a committed effective dose equivalent of 100 mrem for
the radionuclide taken into the body by ingestion or inhalation during one year. To use the DCGs for comparison with the DOE drinking water
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systems criterion of 4 mrem/yr (0.04 mSv/yr), use 4 percent of the DCG values for ingestion. Compliance with the 40 CFR Part 61, Subpart H,
criterion of 10 mrem/yr (0.10 mSv/yr) effective dose equivalent is demonstrated using the AIRDOS/RADRISK models prescribed by the EPA.
Alternative gastrointestinal-tract (Gl-tract) absorption factors (f1) and lung retention classes (noted as D, W, or Y in the Task Group Lung Model
used to produce the inhalation dose factors reported in ICRP Publication 30) are listed for specific compounds, by element, in Figure I1I-2 for
cross-referencing with the internal DCGS in Figure III-1. The data in Figure III-2 are listed in alphabetical order, by element name. Removal
halftimes assigned to the compounds with lung retention classes D, W, and Y are 0.5, 50, and 500 days, respectively. The air immersion DCG
values shown in Figure I1I-3 are based on an effective dose equivalent of 100 mrem from exposure during one year. Figure III-1 contains six
columns of information: Radionuclide/Chemical Form/Isomer Half-Life; fl Value (GI-tract absorption); Ingested Water DCG ( ? €i/mL); Inhaled
Air DCG for Lung Retention Class D (? €i/mL); and Inhaled Air DCG for Lung Retention Class W ( ?€i/mL); and Inhaled Air DCG for Lung
Retention Class Y (? €i/mL). Figure 11I-2 contains five columns of information:

Element/Symbol; Atomic Number; compound; fl value; and Lung Retention

Class. Figure I1I-3 contains three columns of information:

Radionuclide; Half-life in units of seconds (s), minutes (min), hours

(h), days (d), or years (yr); and Air Immersion DCG ( ? €i;mL).



Note I

Sensors and Monitoring

DOE

Air

DOE Order 5400.5, Chapter I1I, contains the principle standards and guides for release of radionuclides.
Chapter 111, Figure III-1, lists derived concentration guides (DCGs). The DCGs represent the
concentrations of radioactivity in air inhaled or water ingested continuously during a year that resulted in
a 100-mrem, 50-year committed effective dose equivalent. The DCGs yield the maximum dose a person
could receive at the location where the sample was collected, given the following two assumptions: (1)
the concentration was at the DCG level continuously for the entire year, and (2) the person receiving the
exposure was at that location for the entire year, continually drinking the water or inhaling the air.

Implementation guide for DOE Order 5400.5, Environmental Regulatory Guide for Radiological Effluent
Monitoring and Environmental Surveillance, DOE/EH-0173T, paragraph 3.3.1 defines two types of
sources contributing to the total radiological emissions from a DOE facility.

The sources (DOE-controlled facilities) contributing to the total emissions from a
facility (DOE-controlled site) can be considered as either “point” sources or
“diffuse” sources. A point source is a single defined point (origin) of an airborne
release such as a vent or stack. A diffuse source is an area source or several
sources of radioactive contaminants released into the atmosphere (generally, all
sources other than point sources).

It is safe to assume that most sources if not all sources at D&D and NWPA sites would be considered a
“diffuse” source. Monitoring guidance or requirements for “diffuse” sources are not as well defined as
they are for point sources.

The following paragraphs are quotes from DOE/EH-173T:

Paragraph 3.3.2 Diffuse Sources
The category of diffuse sources covers many situations, most of which are difficult to characterize
(e.g., ponds, contaminated areas, structures without ventilation or with ventilation that does not
result in a well — defined release point). Attempts to define the emissions under such an array of
conditions and other complex and ill-defined factors affecting the transport of the emissions
(generally meteorological and topographical factors) would require complex sampling
techniques, and repositions ofequipment may be necessary. Diffuse sources should* be
identified and assessed for their potential to contribute to public dose and should be considered
in designing the site effluent monitoring and environmental surveillance program. Diffuse
sources that may contribute a significant fraction (e.g., 10%) of the does to members of the public
resulting from site operations should* be identified, assessed, documented, and verified annually.

Paragraph 3.3.3 Diffuse Source Assessment

If a diffuse source assessment is warranted because of potential contribution to the offsite dose,
the following procedures should be applied:

1. The assessment should be accomplished by using appropriate computational models and/or a
downwind array of samplers arranged and operated over a sufficient period to characterize
the concentrations of radionuclides in any resulting plume.

2. Empirical data and sound assumptions should be used with the computational models to
define the source term for a diffuse source.

The validity of the resulting release estimates relies on the professional judgment and knowledge
of the individuals involved and is usually difficult to verify. As a general rule, reliance will be
placed on the site environmental surveillance program to confirm predictions.



Paragraph 3.4.2 Diffuse Sources

The types of information to be documented in the site Environmental Monitoring Plan for diffuse
sources are less readily identifiable. Diffuse sources can range from large areas of contaminated
soil to ponds or uncontrolled releases from openings in a structure. The factors that have a
significant influence on the air suspension of radionuclides from these situations depend on the
force applied (which results in suspension of the radionuclide in air) and the factors that resist
suspension [e.g., subdivision of liquid surface by shear stress (sprays) from ambient winds, over-
pressure phenomena within a structure that result in the atmospheric release of radionuclides,

the exchange of indoor outdoor atmospheres at portals, and aerodynamic entrainment of
contaminated soil]. A potential source should be adequately described to show the radionuclides
present, the form of the materials, and the factors contributing to suspension. The rational to
substantiate the approach used to assess and characterize the source should be documented.
Information on considerations in diffuse-source sampling can be found I Heseketh and Cross
(1983). The most reliable source of data is likely to be local experience with similar installations.
In addition to the discussion of input parameters in documentation supporting the EPA?CAP-88
and AIRDOS computer does, additional insight into the parameters necessary for estimating dose
form fugitive emissions is provided by Whelan et al. (1987), Gilbert et al. 1989, and EPA-600/12-
87-066.

DOE Order 5400.5, 11.6.a. states the specific requirements for radiological effluent monitoring and
environmental surveillance and their schedule of implementation are prescribed in DOE publication
DOE\EH-0173T, Environmental Regulatory Guide for Radiological Effluent Monitoring and
Environmental Surveillance. DOE\EH-173T incorporates and expands on the requirements embodied in
DOE Order 5400.5. Reviewing DOE\EH-0173T, paragraph 3.3, for performance standards for air-
sampling systems are based upon results of a study of the expected releases, potential exposure pathways,
and resulting dose. Basically, the schedule of implementation is site specific documented in the site’s
environmental monitoring plan. DOE\EH-0173T implies groundwater frequency requirements are site
specific. Site specific is based on the radionuclides being monitored and their potential dose to the public.

DOE Order 5400.5, CHAPTER II, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE
ENVIRONMENT

6. DEMONSTRATION OF COMPLIANCE WITH THE DOSE LIMITS.

Compliance with the dose limits of this Order shall be demonstrated by documentation of an appropriate combination of measurements and
calculations to evaluate potential doses and the results of the evaluations.

a. Monitoring and Surveillance. General requirements for routine effluent monitoring are part of the environmental monitoring plan prescribed in
DOE 5400.1. Specific requirements for radiological effluent monitoring and environmental surveillance and their schedule of implementation are
prescribed in DOE publication DOE\EH-0173T which deals with radiological effluent monitoring and environmental surveillance. The
monitoring requirements are applicable to all DOE and DOE contractor operations t hat are subject to the standards and requirements of this
Order.

DOE M 435.1-1 1V-11
P. Disposal. Low-level waste disposal facilities shall meet the following requirements.
(1) Performance Objectives.

Low-level waste disposal facilities shall be sited, designed, operated, maintained, and closed so that a reasonable expectation exists that the
following performance objectives will be met for waste disposed of after September 26, 1988:

(a) Dose to representative members of the public shall not exceed 25 mrem (0.25 mSv) in a year total effective dose equivalent from
all exposure pathways, excluding the dose from radon and its progeny in air.

(b) Dose to representative members of the public via the air pathway shall not exceed 10 mrem (0.10 mSv) in a year total effective
dose equivalent, excluding the dose from radon and its progeny.

(c) Release of radon shall be less than an average flux of 20 pCi/m 2/s (0.74 Bg/m2/s) at the surface of the disposal facility.
Alternatively, a limit of 0.5 pCi/1 (0.0185 Bg/l) of air may be applied at the boundary of the facility.



Note J

Sensors and Monitoring
DOE

Surface Water

DOE Order 5400.5 1I 3 does not have release limits, but uses screening values instead. Best available
technology treatment is provided to protect groundwater and to prevent radionuclide buildup in soil. If
radioactive waste streams contain radionuclide concentrations of not more than the derived concentration
guide (DCQG) reference values at the point of discharge to a surface waterway, treatment is normally not
required. DCGs (for water) are used to monitor the water to determine if a corrective action needs to
occur.

CHAPTER II, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE ENVIRONMENT

3. MANAGEMENT AND CONTROL OF RADIOACTIVE MATERIALS IN LIQUID DISCHARGES AND PHASEOUT OF SOIL
COLUMNS.

In addition to the requirement to limit dose to members of the public (onsite or offsite) in accordance with the standards established in paragraphs
II.1a and II.1d, further controls are imposed on liquid releases to protect resources such as land, surface water, groundwater, and the related
ecosystems from undue contamination. DCGs are not release limits, but rather are screening values for considering BAT for these discharges and
for making dose estimates. The following requirements apply at the point of discharge from the conduit to the environment.

a. Discharges of Liquid Waste to Surface Waters.

(1) Discharge at Greater Than DCG Level. For liquid wastes containing radionuclides from DOE activities which are discharged to
surface water, the best available technology (BAT) is the prescribed level of treatment if the surface waters otherwise would contain,
at the point of discharge and prior to dilution, radioactive material at annual average concentrations greater than the DCG values in
liquids given in Chapter III. The BAT selection process shall be implemented in accordance with I1.3a(1)(a) and (b), below. Although
there is no known practicable method for removing tritium from liquid waste streams, facilities and operations are to be designed and
operated so that tritium sources and releases are considered in the ALARA process.

(a) BAT Selection. Selection of the best available technology for a specific application will be made from among candidate
alternative treatment technologies which are identified by an evaluation process that includes factors related to technology,
economics, and public policy considerations. Factors that are to be considered in selecting BAT, at a minimum, shall

include:
1. the age of equipment and facilities involved;
2. the process employed;
3. the engineering aspects of the application of various types of control techniques;
4. process changes;
5. the cost of achieving such effluent reduction;
6. non-water quality environmental impact (including energy requirements);
7. safety considerations; and

BAT analyses are difficult to express quantitatively because them factors do not have a common denominator. However,
consideration of the factors will permit qualitative evaluations which will support judgments.

(b) Plan and Schedule for Implementation. A plan and schedule to install waste treatment systems in existing facilities, if
justified by a BAT analysis, shall be developed within 6 months of the issuance date of this Order, to permit compliance
with paragraph I1.3a(1) at the earliest practicable time. The plan shall include an ALARA section on tritium, where
applicable.

General design criteria are presented in DOE 6430.1A.

(c) Approval. The plan shall be submitted for approval to the responsible DOE Field Office Manager and updated annually,
consistent with the provisions of DOE 5820.2A for preparing and updating Waste Management Plans.

(2) Discharge at Less Than DCG Level. Implementation of the BAT process for liquid radioactive wastes is not required where
radionuclides are already at a low level, i.e., the annual average concentration is less than DCG level. In that case, the cost
consideration component of BAT analysis precludes the need for additional treatment, since any additional treatment would be
unjustifiable on a cost -benefit basis. Therefore, additional treatment will not be required for waste streams that contain radionuclide
concentrations of not more than the DCG values in Chapter I1I at the point of discharge to a surface waterway. However, the ALARA
provisions are applicable.

(3) Multiple Radionuclides. For purposes of I1.3a(1), above, the DCG for liquid waste streams containing more than one type of
radionuclide shall be the sum of the fractional DCG values.

(4) Sedimentation. To prevent the buildup of radionuclide concentrations in sediments, liquid process waste streams containing
radioactive material in the form of settleable solids may be released to natural waterways if the concentration of radioactive material in
the solids present in the waste stream does not exceed 5 pCi (0.2 Bq) per gram above background level, of settleable solids for alpha-
emitting radionuclides or 50 pCi (2 Bq) per gram above background level, of settleable solids for betagamma-emiting radionuclides.

(5) Interim Dose Limit for Native Aquatic Animal Organisms. To protect native animal aquatic organisms, the absorbed dose to these
organisms shall not exceed 1 rad per day from exposure to the radioactive material in liquid wastes discharged to natural waterways.
DOE publication DOE/EH-0173T provides guidance on monitoring and calculating dose for aquatic organisms.

(6) New Facilities. New facilities shall be designed and constructed to meet the discharge requirements shown in paragraph I1.3a.
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Note K
Sensors and Monitoring
DOE

Sediment
DOE Order 5400.5 11 3 (4)

To prevent the buildup of radionuclide concentrations in sediments, liquid process waste streams
containing radioactive material in the form of settleable solids may be released to natural waterways if the
concentration of radioactive material in the solids present in the waste stream does not exceed 5pCi (0.2
Bq) per gram above background level of settleable solids for alpha-emitting radionuclides or 50 pCi
(2Bq) per gram above background level of settleable solids for beta-gamma-emitting radionuclides.

DOE Order 5400.5, I1.6.a. states the specific requirements for radiological effluent monitoring and
environmental surveillance and their schedule of implementation in DOE publication DOE\EH-0173T.
DOE\EH-0173T, paragraph 5.12.1, states the basis for sampling sediment frequency is site specific based
on evaluations. The evaluations should consider the potential for offsite exposure of humans, as well the
potential dose to onsite or offsite aquatic organisms.

DOE Order 5400.5, CHAPTER II, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE
ENVIRONMENT

3. MANAGEMENT AND CONTROL OF RADIOACTIVE MATERIALS IN LIQUID DISCHARGES AND PHASEOUT OF SOIL
COLUMNS.

a. Discharges of Liquid Waste to Surface Waters.

(4) Sedimentation. To prevent the buildup of radionuclide concentrations in sediments, liquid process waste streams
containing radioactive material in the form of settleable solids may be released to natural waterways if the concentration of
radioactive material in the solids present in the waste stream does not exceed 5 pCi (0.2 Bq) per gram above background
level, of settleable solids for alpha-emitting radionuclides or 50 pCi (2 Bq) per gram above background level, of settleable
solids for betagamma-emitting radionuclides.

DOE Order 5400.5, CHAPTER II, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE
ENVIRONMENT

6. DEMONSTRATION OF COMPLIANCE WITH THE DOSE LIMITS. Compliance with the dose limits of this Order shall be
demonstrated by documentation of an appropriate combination of measurements and calculations to evaluate potential doses and the results of the
evaluations.

a. Monitoring and Surveillance. General requirements for routine effluent monitoring are part of the environmental monitoring plan
prescribed in DOE 5400.1. Specific requirements for radiological effluent monitoring and environmental surveillance and their
schedule of implementation are prescribed in DOE publication DOE\EH-0173T which deals with radiolo gical effluent monitoring and
environmental surveillance. The monitoring requirements are applicable to all DOE and DOE contractor operations that are subject to
the standards and requirements of this Order.
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Sensors and Monitoring
DOE

Soil

If the soil contains radionuclides other than Th-230, Th-232, Ra-226, and Ra-228, the residual
radionuclides in soil guidelines are site specific and must be calculated using the guidelines given in
DOE/CH-8901.

For residual radionuclides in soil, the generic guidelines for thorium (Th-230 and Th-232) and radium
(Ra-226 and Ra-228) are:

(a) 5 pCi/g, averaged over the first 15 cm of soil below the surface; and
(b) 15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm below the surface.

These guidelines take into account ingrowth of Ra-226 from Th-230 and of Ra-228 from Th-232, and
assume secular equilibrium. If Th-230 and Ra-226 or both Th-232 and Ra-228 are present and not in
secular equilibrium, the appropriate guideline is applied as a limit for the radionuclide with the higher
concentration. If other mixtures of radionuclide occur, the concentrations of individual radionuclides
shall be reduced so that either the dose for the mixtures will not exceed the basic dose limit or the sum of
the ratios of the soil concentration of each radionuclide to the allowable limit for that radionuclide will
not exceed 1.

DOE/CH/8901, A Manual for Implementing Residual Radioactive Material Guidelines, Introduction, Page 1 and 2

To derive site-specific soil guidelines, a basic radiation dose limit of 100 mrem/yr (as specified in the DOE guidelines) is
applied to a member of a critical population group. The radiation dose is defined here as the effective dose equivalent from
external radiation plus the committed effective dose equivalent from internal radiation (International Commission on
Radiological Protection [ICRP] 1984, Section 2.1). The radiation dose limit is based on radiation protection standards and
requirements specified in DOE Order 5400.xx (DOE 1989). The critical population group is relatively small,
homogeneous group that is representative of those individuals in the population expected to potentially receive the largest
radiation dose. It is assumed, for the purpose of deriving soil guidelines, that the critical population group is a family that
establishes residence on a site after the site has been released for use without radiological restrictions. The controlling
principles for all guidelines are (1) the annual radiation dose received by a member of the critical population group from
the residual radioactive material — predicted by a realistic but reasonably conservative analysis and averaged over a time
interval of 50 years — should not exceed the basic dose limit of 100 mrem/yr and (2) doses should be kept as low as
reasonably achievable. Final cleanup standards (authorized limits), and in some cases guidelines, may be based on a
different scenario of the resident family scenario is not appropriate for the specific property or if another plausible-use
scenario would result in significantly greater potential for exposure.

DOE 5400.5, CHAPTER 1V, Residual Radioactive Material

1. PURPOSE.

This chapter presents radiological protection requirements and guidelines for cleanup of residual radioactive material and management
of the resulting wastes and residues and release of property. These requirements and guidelines are applicable at the time the property
is released. Property subject to these criteria includes, but is not limited to sites identified by the Formerly Utilized Sites Remedial
Action Program (FUSRAP) and the Surplus Facilities Management Program (SFMP). The topics covered are basic dose limits,
guidelines and authorized limits for allowable levels of residual radioactive material, and control of the radioactive wastes and
residues. This chapter does not apply to uranium mill tailings or to properties covered by mandatory legal requirements.

4. GUIDELINES FOR RESIDUAL RADIOACTIVE MATERIAL.
a. Residual Radionuclides in Soil. Generic guidelines for thorium and radium are specified below. Guidelines for residual
concentrations of other radionuclides shall be derived from the basic dose limits by means of an environmental pathway
analysis using specific property data where available. Procedures for these derivations are given in DOE/CH-8901.

Residual concentrations of radioactive material in soil are defined as those in excess of background concentrations
averaged over an area of 100 m’.

(2) Generic Guidelines. The generic guidelines for residual concentrations of Ra-226, Ra228, Th-230, and Th-232 are:
(a) 5 pCi/g, averaged over the first 15 cm of soil below the surface; and

(b) 15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm below the surface.
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DOE

Other

DO E/EH-0173T, Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance

5.8 Basis for Sampling Terrestrial Foodstuffs

If the preliminary analysis of public dose indicates that the annual effective dose equivalent from ingestion of terrestrial foods is 5 mrem or
greater, then sufficient sampling and analysis should be carried out so that the foods and radionuclides contributing at least 90% of this ingestion
dose have been evaluated. If the annual effective dose equivalent is between 1 and 5 mrem, sufficient sampling and analysis should be carried
out to provide reasonable assurance that the doses are within this range. When the annual effective dose equivalent is between 1 and 0.1 mrem,
then sufficient surveillance should be done to show that the radionuclides are behaving in the environment as expected. The principal pathways
by which foods become contaminated are deposition from airborne materials and crop irrigation from surface or groundwaters. The relative
contributions of various pathways, foods, and radionuclides to the total dose depends on several factors, including

. Agricultural uses of the land

. Farming and gardening practices

. Soil type

. Climate (e.g., temperature, rainfall, growing season)

. Dietary habits

. Quantities of specific radionuclides released to air and water and their chemical and physical forms.

5.8.1 Possibility of Long-Term Buildup

Even in those instances where the annual effective dose equivalent from ingestion of terrestrial foods is less than 1 mrem, periodic sampling and
analysis of indicator materials, such as soil or vegetation should be performed to determine if there is measurable long-term buildup of
radionuclides in the terrestrial environment. Such long-term buildup could affect the relative contributions of certain radionuclides and foods to
the total radiation dose of site origin. However, the availability of these radionuclides to plants grown in such soil may decrease with time as a
result of several natural processes. These processes include changes in chemical or physical form of the radionuclides caused by weathering or
the action of soil bacteria, fixation onto soil materials or the litter layer, migration below the root zone of the plant with irrigation water or
rainfall, and removal of contaminated soil by wind or water erosion or by cultivation. Unless terrestrial foods or indicator organisms are being
analyzed routinely, the pathway evaluation should be repeated annually to reaffirm the original evaluation. Foods to be considered in the
pathway analysis, listed in approximate descending order of importance, are milk, vegetables, meat, eggs, grain, and fruit. If wild game, such as
deer or game birds, is available locally, then these should also be considered in the pathway analysis.
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Groundwater

Under RCRA, groundwater monitoring is required as a part of post-closure care if one of the following
two situations apply at closure:

. The facility contains waste residues or contaminated materials are left in place at final closure; or
. The facility is closed in accordance to landfill requirements.

40 CFR 265 and 40 CFR 264, Subpart F provide the groundwater monitoring requirements and limits.
Groundwater background levels are established by monitoring for a period of one year. For Part B
permitted facilities, maximum concentration levels are the established background levels or Table 1 of
40 CFR 264.94 which ever is lower. For Part A permitted facilities, maximum concentration levels are
the established background levels. An exception to maximum concentration levels for both A and B
facilities is if alternate concentration limits are established and approved by the EPA Regional
Administrator. Frequency of monitoring is site-specific and specified in the unit permit upon approval by
the Regional Administrator.

§264.94 Concentration limits.

(a) The Regional Administrator will specify in the facility permit concentration limits in the groundwater for hazardous constituents
established under §264.93. The concentration of a hazardous constituent:

(1) Must not exceed the background level of that constituent in the groundwater at the time that limit is specified in the permit; or

(2) For any of the constituents listed in Table 1, must not exceed the respective value given in that table if the background level of the
constituent is below the value given in Table 1; or

TABLE 1-MAXIMUM CONCENTRATION OF CONSTITUENTS FOR GROUND-WATER PROTECTION

CONSTITUENT MAXIMUM
CONCENTRATION

Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05
Lead 0.05
Mercury 0.002
Selenium 0.01
Silver 0.05
Endrin (1,2,3,4,10,10-hexachloro-1,7-epoxy 1,4,4a,5,6,7,8,9a-octahydro-1, 4 -endo, endo -5,8 -dimethano 0.0002
naphthalene)

Lindane (1,2,3,4,5,6-hexachlorocyclohexane, gamma isomer) 0.004
Methoxychlor (1,1,1-Trichloro-2,2-bis (p-methoxyphenylethane) 0.1
Toxaphene (CoHioCls, Technical chlorinated camphene, 67-69 percent chlorine) 0.005
2,4-D (2,4-Dichlorophenoxyacetic acid) 0.1
2,4,5-TP Silvex (2,4,5-Trichlorophenoxypropionic acid) 0.01

"Milligrams per liter.

(3) Must not exceed an alternate limit established by the Regional Administrator under paragraph (b) of this section.

(b) The Regional Administrator will establish an alternate concentration limit for a hazardous constituent if he finds that the constituent will
not pose a substantial present or potential hazard to human health or the environment as long as the alternate concentration limit is not exceeded.
In establishing alternate concentration limits, the Regional Administrator will consider the following factors:

(1) Potential adverse effects on ground-water quality, considering:
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(i) The physical and chemical characteristics of the waste in the regulated unit, including its potential for migration;
(ii) The hydro geological characteristics of the facility and surrounding land;

(iii) The quantity of groundwater and the direction of ground-water flow;

(iv) The proximity and withdrawal rates of ground-water users;

(v) The current and future uses of groundwater in the area;

(vi) The existing quality of groundwater, including other sources of contamination and their cumulative impact on the ground-water
quality;

(vii) The potential for health risks caused by human exposure to waste constituents;
(viii) The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents;
(ix) The persistence and permanence of the potential adverse effects; and
(2) Potential adverse effects on hydraulically-connected surface-water quality, considering:
(1) The volume and physical and chemical characteristics of the waste in the regulated unit;
(i1) The hydrogeological characteristics of the facility and surrounding land;
(iii) The quantity and quality of groundwater, and the direction of ground-water flow;
(iv) The patterns of rainfall in the region;
(v) The proximity of the regulated unit to surface waters;
(vi) The current and future uses of surface waters in the area and any water quality standards established for those surface waters;
(vii) The existing quality of surface water, including other sources of contamination and the cumulative impact on surface water quality;
(viii) The potential for health risks caused by human exposure to waste constituents;
(ix) The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents; and
(x) The persistence and permanence of the potential adverse effects.

(c) In making any determination under paragraph (b) of this section about the use of groundwater in the area around the facility the Regional
Administrator will consider any identification of underground sources of drinking water and exempted aquifers made under §144.8 of this
chapter.
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CERCLA applies all Applicable or Relevant and Appropriate Requirements (ARARs) where hazardous
substances are left onsite. Section 121(d)(2)(a) states that the following are ARARs for the hazardous
substance, pollutant, or contaminant concerned:

e Any standard, requirement, criteria, or limitation under any federal environmental law; and

e Any promulgated standard, requirement, criteria or limitation under a state environmental or
facility siting law that is more stringent than any federal standard.

For groundwater monitoring EPA’s National Primary Drinking Water Standards
maximum contaminant level (MCL) would most likely be applicable for
CERCLA groundwater monitoring. The phrase “most likely be applicable” is
used because there could be sites where the groundwater is not used for drinking
water. However, it would be difficult to prove.

ARARs are promulgated, or legal enforceable requirements. DOE Orders
themselves are not ARARs because they are not promulgated. DOE Orders can
be “TBCs” — to be considered. Note, DOE Order contained in final RODs are
enforceable under CERCLA and cannot be waived using DOE procedures for
waiving orders.

Specific levels of post clean-up monitoring may be stated in the ROD, but are
more likely to be included in documentation for the Remedial Action as a
function of operation and maintenance.

Groundwater monitoring ARARs for radionuclides would likely be the Derived
Concentration Guides for water from DOE Order 5400.5.

Frequency of monitoring is site-specific and would be likely outlined n the site closure document.

Following is from “ARARSs Frequently Asked Questions,” DOE Office of Environmental Policy &
Guidance, RCRA/CERCLA Division, June 1998.

By definition, ARARs are promulgated, or legally enforceable federal and state requirements. EPA has also developed another
category known as “to be considered” (TBCs), that includes nonpromulgated criteria, advisories, guidance, and proposed standards
issued by federal or state governments. TBCs are not potential ARARs because they are neither promulgated nor enforceable. It may
be necessary to consult TBCs to interpret ARARs, or to determine preliminary remediation goals when ARARs do not exist for
particular contaminants. Identification and compliance with TBCs is not mandatory I the same way that it is for ARARs.

However, once a TBC is part of a Record of Decision (ROD), it becomes enforceable.

DOE Orders are neither ARARs nor TBCs. DOE Orders themselves are not ARARs because they are not promulgated. However, in
some cases DOE Orders may contain requirements promulgated by other federal agencies that could be potential ARARs, and these
requirements should be identified through the ARARs identification process. Some regulators may choose to refer to DOE Orders as
“TBCs”. However, DOE personnel should not regard DOE Orders as simply “to be considered information.” DOE and DOE
contractors must comply with these Orders at DOE facilities. DOE Orders are legally binding because of contractual arrangements
between DOE and its contractors. Finally, DOE Orders in final RODs are enforceable under CERCLA and cannot be waived using
DOE procedures for waiving Orders.
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Note P

Sensors and Monitoring
CERCLA

Air

CERCLA applies all Applicable or Relevant and Appropriate Requirements (ARARs) where hazardous
substances are left onsite. Section 121(d)(2)(a) states that the following are ARARs for the hazardous
substance, pollutant, or contaminant concerned:

Any standard, requirement, criteria, or limitation under any federal environmental law; and

Any promulgated standard, requirement, criteria or limitation under a state environmental or facility
siting law that is more stringent than any federal standard.

ARARs are promulgated, or legal enforceable requirements. DOE Orders themselves are not ARARs
because they are not promulgated. DOE Orders can be “TBCs” — to be considered. Note, DOE Order in
final RODs are enforceable under CERCLA and cannot be waived using DOE procedures for waiving
orders.

Air-monitoring ARARs would likely be the EPA’s ambient air quality standards and for radionuclides,
DOE’s 5400.5 DCGs for air would likely be TBCs. Specific levels of post clean-up monitoring may be
stated in the ROD, but are more likely to be included in documentation for the Remedial Action as a
function of operation and maintenance.

Frequency of monitoring is site specific and would be likely outlined in the site closure document.

Following is from “ARARs Frequently Asked Questions,” DOE Office of Environmental Policy &
Guidance, RCRA/CERCLA Division, June 1998.

By definition, ARARSs are promulgated, or legally enforceable federal and state requirements. EPA has also developed another
category known as “to be considered” (TBCs), that includes nonpromulgated criteria, advisories, guidance, and proposed standards
issued by federal or state governments. TBCs are not potential ARARs because they are neither promulgated nor enforceable. It may
be necessary to consult TBCs to interpret ARARs, or to determine preliminary remediation goals when ARARs do not exist for
particular contaminants. Identification and compliance with TBCs is not mandatory I the same way that it is for ARARs.

However, once a TBC is part of a Record of Decision (ROD), it becomes enforceable.

DOE Orders are neither ARARs nor TBCs. DOE Orders themselves are not ARARs because they are not promulgated. However, in
some cases DOE Orders may contain requirements promulgated by other federal agencies that could be potential ARARs, and these
requirements should be identified through the ARARs identificat ion process. Some regulators may choose to refer to DOE Orders as
“TBCs”. However, DOE personnel should not regard DOE Orders as simply “to be considered information.” DOE and DOE
contractors must comply with these Orders at DOE facilities. DOE Orders are legally binding because of contractual arrangements
between DOE and its contractors. Finally, DOE Orders in final RODs are enforceable under CERCLA and cannot be waived using
DOE procedures for waiving Orders.
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Note Q

Sensors and Monitoring
CERCLA

Surface Water

CERCLA applies all Applicable or Relevant and Appropriate Requirements (ARARs) where hazardous
substances are left onsite. Section 121(d)(2)(a) states that the following are ARARs for the hazardous
substance, pollutant, or contaminant concerned:

. Any standard, requirement, criteria, or limitation under any federal environmental law; and

. Any promulgated standard, requirement, criteria or limitation under a state environmental or facility
siting law that is more stringent than any federal standard.

ARARs are promulgated, or legal enforceable requirements. DOE Orders themselves are not
ARARSs because they are not promulgated. DOE Orders can be “TBCs” — to be considered.
Note, DOE Order in final RODs are enforceable under CERCLA and cannot be waived using
DOE procedures for waiving orders.

ARARs for surface water monitoring would likely be EPA’s National Primary Drinking
Water Standards maximum contaminant levels (MCLs). Typically the EPA’s National
Primary Drinking Water Standards would be used as ARARs if the surface water would
impact the community drinking water. Surface water monitoring TBCs for radionuclides
would likely be the Derived Concentration Guides for water from DOE Order 5400.5.

Specific levels of post clean-up monitoring may be stated in the ROD, but are more likely to
be included in documentation for the Remedial Action as a function of operation and
maintenance.

Frequency of monitoring is site-specific and would be likely outlined in the site closure document.

Following is from “ARARs Frequently Asked Questions”, DOE Office of Environmental Policy &
Guidance, RCRA/CERCLA Division, June 1998

By definition, ARARs are promulgated, or legally enforceable federal and state requirements. EPA has also developed another
category known as “to be considered” (TBCs), that includes nonpromulgated criteria, advisories, guidance, and proposed standards
issued by federal or state governments. TBCs are not potential ARARSs because they are neither promulgated nor enforceable. It may
be necessary to consult TBCs to interpret ARARS, or to determine preliminary remediation goals when ARARs do not exist for
particular contaminants. Identification and compliance with TBCs is not mandatory I the same way that it is for ARARs.

However, once a TBC is part of a Record of Decision (ROD), it becomes enforceable.

DOE Orders are neither ARARs nor TBCs. DOE Orders themselves are not ARARSs because they are not promulgated. However, in
some cases DOE Orders may contain requirements promulgated by other federal agencies that could be potential ARARs, and these
requirements should be identified through the ARARs identification process. Some regulators may choose to refer to DOE Orders as
“TBCs”. However, DOE personnel should not regard DOE Orders as simply “to be considered information.” DOE and DOE
contractors must comply with these Orders at DOE facilities. DOE Orders are legally binding because of contractual arrangements
between DOE and its contractors. Finally, DOE Orders in final RODs are enforceable under CERCLA and cannot be waived using
DOE procedures for waiving Orders.
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Note R

Sensors and Monitoring
CERCLA

Sediment

CERCLA applies all Applicable or Relevant and Appropriate Requirements (ARARs) where hazardous
substances are left onsite. Section 121(d)(2)(a) states that the following are ARARs for the hazardous
substance, pollutant, or contaminant concerned:

. Any standard, requirement, criteria, or limitation under any federal environmental law; and

. Any promulgated standard, requirement, criteria or limitation under a state environmental or facility
siting law that is more stringent than any federal standard.

ARARs are promulgated, or legal enforceable requirements. DOE Orders themselves are not
ARARS because they are not promulgated. DOE Orders can be “TBCs” — to be considered.
Note, DOE Order in final RODs are enforceable under CERCLA and cannot be waived using

DOE procedures for waiving orders.
Likely TBCs for sediment monitoring would be DOE Order 5400.5 11 3(4).
DOE Order 5400.5 11 3 (4)

To prevent the buildup of radionuclide concentrations in sediments, liquid process waste streams containing radioactive material in the
form of settleable solids may be released to natural waterways if the concentration of radioactive material in the solids present in the
waste stream does not exceed SpCi (0.2 Bq) per gram above background level, of settleable solids for alpha-emitting radionuclides or 50
pCi (2Bq) per gram above background level, of settleable solids for beta gamma-emitting radionuclides.

Frequency of monitoring is site-specific and would be likely outlined in the site closure document.
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Note S

Engineering Systems
UMTRCA Title I
Surface Impoundments

40 CFR 40.27 requires a Long-Term Surveillance Plan (LTSP) be developed for UMTRCA Title I sites.
LTSP describe the necessary post-closure care to meet the requirements of Criterion 12 of 10 CFR 40,
Appendix A. As a minimum the responsible Federal agency is to perform annual site inspections to
determine the need for monitoring and/or maintenance.

TITLE 10- ENERGY
CHAPTER1 - NUCLEAR REGULATORY COMMISSION

Part 40 - Domestic Licensing of Source Material

§27. General license for custody and long-term care of residual radioactive material disposal sites

(a) A general license is issued for the custody of and long-term care, including monitoring, maintenance, and emergency measures necessary to
protect public health and safety and other actions necessary to comply with the standards promulgated under section 275(a) of the Atomic Energy
Act of 1954, as amended, for disposal sites under title I of the Uranium Mill Tailings Radiation Control Act of 1978, as amended. The license is
available only to the Department of Energy, or another Federal agency designated by the President to provide long-term care. The purpose of this
general license is to ensure that uranium mill tailings disposal sites will be cared for in such a manner as to protect the public health, safety, and
the environment after remedial action has been completed.

(b) The general license in paragraph (a) of this section becomes effective when the Commission accepts a site Long-Term Surveillance Plan
(LTSP) that meets the requirements of this section, and when the Commission concurs with the Department of Energy's determination of
completion of remedial action at each disposal site. There is no termination of this general license. The LTSP may incorporate by reference
information contained in documents previously submitted to the Commission if the references to the individual incorporated documents are clear
and specific. Each LTSP must include --

(1) A legal description of the disposal site to be licensed, including documentation on whether land and interests are owned by the
United States or an Indian tribe. If the site is on Indian land, then, as sp ecified in the Uranium Mill Tailings Radiation Control Act of
1978, as amended, the Indian tribe and any person holding any interest in the land shall execute a waiver releasing the United States of
any liability or claim by the Tribe or person concerning or arising from the remedial action and holding the United States harmless
against any claim arising out of the performance of the remedial action;

(2) A detailed description, which can be in the form of a reference, of the final disposal site conditions, including existing groundwater
characterization and any necessary groundwater protection activities or strategies. This description must be detailed enough so that
future inspectors will have a baseline to determine changes to the site and when these changes are serious enough to require
maintenance or repairs. If the disposal site has continuing aquifer restoration requirements, then the licensing process will be
completed in two steps. The first step includes all items other than groundwater restoration. Groundwater monitoring, which would be
addressed in the LTSP, may still be required in this first step to assess performance of the tailings disposal units. When the
Commission concurs with the completion of groundwater restoration, the licensee shall assess the need to modify the LTSP and report
results to the Commission. If the proposed modifications meet the requirements of this section, the LTSP will be considered suitable to
accommodate the second step.

(3) A description of the long-term surveillance program, including proposed inspection frequency and reporting to the Commission (as
specified in Appendix A, criterion 12 of this part), frequency and extent of groundwater monitoring if required, appropriate constituent
concentration limits for groundwater, inspection personnel qualifications, inspection procedures, recordkeeping and quality assurance
procedures;

(4) The criteria for follow-up inspections in response to observations from routine inspections or extreme natural events; and
(5) The criteria for instituting maintenance or emergency measures.

(c) The long-term care agency under the general license established by paragraph (a) of this section shall --
(1) Implement the LTSP as described in paragraph (b) of this section;
(2) Care for the disposal site in accordance with the provisions of the LTSP ;
(3) Notify the Commission of any changes to the LTSP; the changes may not conflict with the requirements of this section;
(4) Guarantee permanent right-of-entry to Commission representatives for the purpose of periodic site inspections; and

(5) Notify the Commission prior to undertaking any significant construction, actions, or repairs related to the disposal site, even if the
action is required by a State or another Federal agency.

(d) As specified in the Uranium Mill Tailings Radiation Control Act of 1978, as amended, the Secretary of the Interior, with the concurrence of
the Secretary of Energy and the Commission, may sell or lease any subsurface mineral rights associated with land on which residual radioactive
materials are disposed. In such cases, the Commission shall grant a license permitting use of the land if it finds that the use will not disturb the
residual radioactive materials or that the residual radioactive materials will be restored to a safe and environmentally sound condition if they are
disturbed by the use.

(e) The general license in paragraph (a) of this section is exempt from parts 19, 20, and 21 of this chapter, unless significant construction, actions,
or repairs are required. If these types of actions are to be undertaken, the licensee shall explain to the Commission which requirements from these
parts apply for the actions and comply with the appropriate requirements.
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TITLE 10 - ENERGY
CHAPTER1 - NUCLEAR REGULATORY COMMISSION

Part 40 - Domestic Licensing of Source Material

Appendix A - Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction
or Concentration of Source Material from Ores Processed Primarily for TheirSource Material Content

IV. LONG-TERM SITE SURVEILLANCE

Criterion 12 -- The final disposition of tailings, residual radioactive material, or wastes at milling sites should be such that ongoing active
maintenance is not necessary to preserve isolation. As a minimum, annual site inspections must be conducted by the government agency
responsible for long-term care of the disposal site to confirm its integrity and to determine the need, if any, for maintenance and/or monitoring.
Results of the inspections for all the sites under the licensee's jurisdiction will be reported to the Commission annually within 90 days of the last
site inspection in that calendar year. Any site where unusual damage or disruption is discovered during the inspection, however, will require a
preliminary site inspection report to be submitted within 60 days. On the basis of a site specific evaluation, the Commission may require more
frequent site inspections if necessary due to the features of a particular disposal site. In this case, a preliminary inspection report is required to be
submitted within 60 days following each inspection.
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Note T

Engineering Systems
UMTRCAI
Landfills

The standards for UMTRCA I refer to disposal sites not impoundments or landfills. 40 CFR 192 defines
a disposal site as the region within the smallest perimeter of residual radioactive material (excluding
cover materials) following completion of control activities. A disposal site is not an impoundment nor is
it a landfill by the Environmental Protection Agency definitions. By definition UMTRCA 1, sites do not
have landfills or a surface impoundment. By function the disposal site fits best under the category of a
landfill. NOTE: a disposal site does not meet the definition of a landfill by EPA definitions. The
requirements for UMTRCA 1 do not specially state to install a cap or barrier, butit is assumed this is done.

UMTRCA T sites are required, as a minimum, to have annual site inspections to be conducted for the
long-term care of the disposal site to confirm its integrity and to determine the need, if any, for
maintenance and/or monitoring. In addition, UMTRCA I sites are required to describe the long-term
surveillance program in the Long-Term Surveillance Plan (LTSP). The LTSP is to include inspection
frequency and reporting to the Nuclear Regulatory Commission, frequency and extent of groundwater
monitoring if required, appropriate constituent concentration limits for groundwater, inspection personnel
qualifications, inspection procedures, recordkeeping and quality assurance procedures.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES
Part 260 - Hazardous Waste Management System: General

Subpart B - Definitions

Landfill means a disposal facility or part of a facility where hazardous waste is placed in or on land and which is not a pile, a land treatment
facility, a surface impoundment, an underground injection well, a salt dome formation, a salt bed formation, an underground mine, a cave, or a
corrective action management unit.

Surface impoundment or impoundmentmeans a facility or part of a facility which is a natural topographic depression, man-made excavation, or
diked area formed primarily of earthen materials (although it may be lined with man-made materials), which is designed to hold an accumulation
of liquid wastes or wastes containing free liquids, and which is not an injection well. Examples of surface impoundments are holding, storage,
settling, and aeration pits, ponds, and lagoons

TITLE 10 - ENERGY
CHAPTERI - NUCLEAR REGULATORY COMMISSION
Part 40 - Domestic Licensing of Source Material

(a) A general license is issued for the custody of and long-term care, including monitoring, maintenance, and emergency measures necessary to
protect public health and safety and other actions necessary to comply with the standards promulgated under section 275(a) of the Atomic Energy
Act of 1954, as amended, for disposal sites under title I of the Uranium Mill Tailings Radiation Control Act of 1978, as amended. The license is
available only to the Department of Energy, or another Federal agency designated by the President to provide longterm care. The purpose of this
general license is to ensure that uranium mill tailings disposal sites will be cared for in such a manner as to protect the public health, safety, and
the environment after remedial action has been completed.

(b) The general license in paragraph (a) of this section becomes effective when the Commission accepts a site Long-Term Surveillance Plan
(LTSP) that meets the requirements of this section, and when the Commission concurs with the Department of Energy's determination of
completion of remedial action at each disposal site. There is no termination of this general license. The LTSP may incorporate by reference
information contained in documents previously submitted to the Commission if the references to the individual incorporated documents are clear
and specific. Each LTSP must include --

(1) A legal description of the disposal site to be licensed, including documentation on whether land and interests are owned by the
United States or an Indian tribe. If the site is on Indian land, then, as specified in the Uranium Mill Tailings Radiation Control Act of
1978, as amended, the Indian tribe and any person holding any interest in the land shall execute a waiver releasing the United States of
any liability or claim by the Tribe or person concerning or arising from the remedial action and holding the United States harmless
against any claim arising out of the performance of the remedial action;

(2) A detailed description, which can be in the form of a reference, of the final disposal site conditio ns, including
existing groundwater characterization and any necessary groundwater protection activities or strategies. This
description must be detailed enough so that future inspectors will have a baseline to determine changes to the site and
when these changes are serious enough to require maintenance or repairs. If the disposal site has continuing aquifer
restoration requirements, then the licensing process will be completed in two steps. The first step includes all items
other than groundwater restoration. Groundwater monitoring, which would be addressed in the LTSP, may still be
required in this first step to assess performance of the tailings disposal units. When the Commission concurs with the
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completion of groundwater restoration, the licensee shall assess the need to modify the LTSP and report results to the
Commission. If the proposed modifications meet the requirements of this section, the LTSP will be considered
suitable to accommodate the second step.

(3) A description of the long-term surveillance program, including proposed inspection frequency and reporting to the Commission (as
specified in Appendix A, criterion 12 of this part), frequency and extent of groundwater monitoring if required, appropriate constituent
concentration limits for groundwater, inspection personnel qualifications, inspection procedures, recordkeeping and quality assurance
procedures;

(4) The criteria for follow-up inspections in response to observations from routine inspections or extreme natural events; and
(5) The criteria for instituting maintenance or emergency measures.

(c) The long-term care agency under the general license established by paragraph (a) of this section shall --
(1) Implement the LTSP as described in paragraph (b) of this section;
(2) Care for the disposal site in accordance with the provisions of the LTSP;
(3) Notify the Commission of any changes to the LTSP; the changes may not conflict with the requirements of this section;
(4) Guarantee permanent right-of-entry to Commission representatives for the purpose of periodic site inspections; and

(5) Notify the Commission prior to undertaking any significant construction, actions, or repairs related to the disposal site, even if the
action is required by a State or another Federal agency.

(d) As specified in the Uranium Mill Tailings Radiation Control Act of 1978, as amended, the Secretary of the Interior, with the concurrence of
the Secretary of Energy and the Commission, may sell or lease any subsurface mineral rights associated with land on which residual radioactive
materials are disposed. In such cases, the Commission shall grant a license permitting use of the land if it finds that the use will not disturb the
residual radioactive materials or that the residual radioactive materials will be restored to a safe and environmentally sound condition if they are
disturbed by the use.

(e) The general license in paragraph (a) of this section is exempt from parts 19, 20, and 21 of this chapter, unless significant construction, actions,
or repairs are required. Ifthese types of actions are to be undertaken, the licensee shall explain to the Commission which requirements from these
parts apply for the actions and comply with the appropriate requirements.

Appendix A - Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction
or Concentration of Source Material from Ores Processed Primarily for Their Source Material Content

IV. LONG-TERM SITE SURVEILLANCE

Criterion 12 -- The final disposition of tailings, residual radioactive material, or wastes at milling sites should be such that ongoing active
maintenance is not necessary to preserve isolation. As a minimum, annual site inspections must be conducted by the government agency
responsible for long-term care of the disposal site to confirm its integrity and to determine the need, if any, for maintenance and/or monitoring.
Results of the inspections for all the sites under the licensee's jurisdiction will be reported to the Commission annually within 90 days of the last
site inspection in that calendar year. Any site where unusual damage or disruption is discovered during the inspection, however, will require a
preliminary site inspection report to be submitted within 60 days. On the basis of a site specific evaluation, the Commission may require more
frequent site inspections if necessary due to the features of a particular disposal site. In this case, a preliminary inspection report is required to be
submitted within 60 days following each.
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Note U

Engineering Systems
RCRA

Surface Impoundment

40 CFR 264.117 and 265.117 require post-closure care to include monitoring and reporting, and
maintenance and monitoring of waste containment systems in accordance with the applicable
requirements of subparts F, K, L, M, N and X of 40 CFR 264 and 40 CFR 265, respectively. Subpart K
provides the RCRA requirements for surface impoundments.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 260 - Hazardous Waste Management System: General
Subpart B - Definitions

Surface impoundment or impoundmentmeans a facility or part of a facility which is a natural topographic depression, man-made excavation, or
diked area formed primarily of earthen materials (although it may be lined with man-made materials), which is designed to hold an accumulation
of liquid wastes or wastes containing free liquids, and which is not an injection well. Examples of surface impoundments are holding, storage,
settling, and aeration pits, ponds, and lagoons.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER 1 - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart K - Surface Impoundments

228. Closure and post-closure care

(a) At closure, the owner or operator must:

(1) Remove or decontaminate all waste residues, contaminated containment system components (liners, etc.), contaminated subsoils,
and structures and equipment contaminated with waste and leachate, and manage them as hazardous waste unless §261.3(d) of this
chapter applies; or

(2)(1) Eliminate free liquids by removing liquid wastes or solidifying the remaining wastes and waste residues;
(ii) Stabilize remaining wastes to a bearing capacity sufficient to support final cover; and
(iii) Cover the surface impoundment with a final cover designed and constructed to:
(A) Provide long-term minimization of the migration of liquids through the closed impoundment;
(B) Function with minimum maintenance;
(C) Promote drainage and minimize erosion or abrasion of the final cover;
(D) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(E) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils
present.

(b) If some waste residues or contaminated materials are left in place at final closure, the owner or operator must comply with all post -closure
requirements contained in §§264.117 through 264.120, including maintenance and monitoring throughout the post - closure care period (specified
in the permit under §264.117). The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as necessary to correct the effects of
settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.221(c)(2)(iv) and (3) and 264.226(d), and comply with
all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part; and

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover.

(c)(1) If an owner or operator plans to close a surface impoundment in accordance with paragraph (a)(1) of this section, and the impoundment
does not comply with the liner requirements of §264.221(a) and is not exempt from them in accordance with §264.221(b), then:

(i) The closure plan for the impoundment under §264.112 must include both a plan for complying with paragraph (a)(1) of
this section and a contingent plan for complying with paragraph (a)(2) of this section in case not all contaminated subsoils
can be practicably removed at closure; and

(i1) The owner or operator must prepare a contingent post -closure plan under §264.118 for complying with paragraph (b) of
this section in case not all contaminated subsoils can be practicably removed at closure.
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(2) The cost estimates calculated under §§264.142 and 264.144 for closure and post -closure care of an impoundment subject to this
paragraph must include the cost of complying with the contingent closure plan and the contingent post -closure plan, but are not
required to include the cost of expected closure under paragraph (a)(1) of this section.

§221. Design and operating requirements

(c) (2) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of mult iple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(iv) Designed and operated to minimize clogging during the active life and post-closure care period.
(3) The owner or operator shall collect and remove pumpable liquids in the sumps to minimize the head on the bottom liner.

(d) The Regional Administrator may approve alternative design or operating practices to those specified in paragraph (c) of this
section if the owner or operator demonstrates to the Regional Administrator that such design and operating practices, together with
location characteristics:

(1) Will prevent the migrat ion of any hazardous constituent into the groundwater or surface water at least as effectively as
the liners and leachate collection and removal system specified in paragraph (c) of this section; and

(2) Will allow detection of leaks of hazardous constituents through the top liner at least as effectively.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Dispo sal Facilities
Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§264.117 through 264.120 must begin after
completion of closure of the unit and continue for 30 years after that date and must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, N, and X of this part; and

(i1) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
N, and X of this part.

(2) Any time preceding partial closure of a hazardous waste management unit subject to post-closure care requirements or final
closure, or any time during the post -closure period for a particular unit, the Regional Administrator may, in accordance with the
permit modification procedures in parts 124 and 270:

(i) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous wastes, application of advanced technology,
or alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(ii) Extend the post -closure care period applicable to the hazardous waste management unit or facility if he finds that the
extended period is necessary to protect human health and the environment (e.g., leachate or ground-water monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administrator may require, at partial and final closure, continuation of any of the security requirements of §264.14 during part
or all of the post-closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.

(d) All post -closure care activities must be in accordance with the provisions of the approved post-clo sure plan as specified in §264.118.
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TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart K - Surface Impoundments

§228. Closure and post-closure care

(a) At closure, the owner or operator must:

(1) Remove or decontaminate all waste residues, contaminated containment system components (liners, etc.), contaminated subsoils,
and structures and equipment contaminated with waste and leachate, and manage them as hazardous waste unless §261.3(d) of this
chapter applies; or

(2) Close the impoundment and provide post-closure care for a landfill under subpart G and §265.310, including the following:
(i) Eliminate free liquids by removing liquid wastes or solidifying the remaining wastes and waste residues;
(ii) Stabilize remaining wastes to a bearing capacity sufficient to support the final cover; and
(iii) Cover the surface impoundment with a final cover designed and constructed to:
(A) Provide long-term minimization of the migration of liquids through the closed impoundment;
(B) Function with minimum maintenance;
(C) Promote drainage and minimize erosion or abrasion of the cover;
(D) Accomodate settling and subsidence so that the cover's integrity is maintained; and

(E) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils
present.

(b) In addition to the requirements of subpart G, and §265.310, during the post-closure care period, the owner or operator of a surface
impoundment in which wastes, waste residues, or contaminated materials remain after closure in accordance with the provisions of paragraph
(a)(2) of this section must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§265.221(c)(2)(iv) and (3) of this chapter and 265.226(b) and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirementsof subpart F of this
part; and

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERTI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§265.117 through 265.120 must begin after
completion of closure of the unit and continue for 30 years after that date. It must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, and N of this part; and

(i1) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
and N of this part.

(2) Any time preceding closure of a hazardous waste management unit subject to post -closure care requirements or final closure, or
any time during the post-closure period for a particular hazardous waste disposal unit, the Regional Administrator may:

(1) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous waste, applicat ion of advanced technology, or
alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(ii) Extend the post <closure care period applicable to the hazardous waste management unit or facility, if he finds that the
extended period is necessary to protect human health and the environment (e.g., leachate or groundwater monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administator may require, at partial and final closure, continuation of any of the security requirements of §265.14 during part or
all of the post -closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
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(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.

(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §265.118.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§265.117 through 265.120 including
maintenance and monitoring throughout the post-closure care period. The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) of this chapter and 265.304(b), and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(5) Protect and maintain surveyed benchmarks used in complying with §265.309.

.§304. Monitoring and inspection

(b) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least monthly. If
the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the sumps must be
recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive quarters, the amount of
liquids in the sumps must be recorded at least semi-annually. If at any time during the post-closure care period the pump operating level is
exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to monthly recording of amounts of liquids
removed from each sump until the liquid level again stays below the pump operating level for two consecutive months

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§301. Design and operating requirements

(c) (3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by in stallation of a system that is, at a minimum:

(1) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 * m >
/sec or more;
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(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,

waste cover materials, and equipment used at the landfill;
(iv) Designed and operated to minimize clogging during the active life and post-closure care period.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.
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Note V

Engineering Systems
RCRA

Landfills

40 CFR 264.117 and 265.117 require post-closure care to include monitoring and reporting, and
maintenance and monitoring of waste containment systems in accordance with the applicable
requirements of subparts F, K, L, M, N and X of 40 CFR 264 and 40 CFR 265, respectively. Subpart N
provides the RCRA requirements for landfills.

TITLE 40 - PROTECTION OF ENVIRONMENT

CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migrat ion of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§264.117 through 264.120, including
maintenance and monitoring throughout the post-closure care period (specified in the permit under §264.117). The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as necessary to correct the effects of
settling, subsidence, erosion, or other events;

(2) Continue to operate the leachate collection and removal system until leachate is no longer detected;

(3) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) and 264.303(c), and comply with
all other applicable leak detection system requirements of this part;

(4) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(5) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(6) Protect and maintain surveyed benchmarks used in complying with §264.309.

§301. Design and operating requirements

(3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case of
multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardo us constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 * m >
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generat ed, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-clo sure care period; and

(v) Constructed with sumps and liquid removal methods (e.g., pumps) of sufficient size to collect and remove liquids from
the sump and prevent liquids from backing up into the drainage layer. Each unit must have its own sump(s). The design of
each sump and removal system must provide a method for measuring and recording the volume of liquids present in the
sump and of liquids removed.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumpsto minimize the head on the
bottom liner.
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§303. Monitoring and inspection

(c)(1) An owner or operator required to have a leak detection system under §264.301(c) or (d) must record the amount of liquids
removed from each leak detection system sump at least once each week during the active life and closure period.

(2) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least
monthly. If the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the
sumps must be recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive
quarters, the amount of liquids in the sumps must be recorded at least semiannually. If at any time during the post -closure care period
the pump operating level is exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to
monthly recording of amounts of liquids removed from each sump until the liquid level again stays below the pump operating level for
two consecutive months.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§264.117 through 264.120 must begin after
completion of closure of the unit and continue for 30 years after that date and must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, N, and X of this part; and

(i1) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
N, and X of this part.

(2) Any time preceding partial closure of a hazardous waste management unit subjectto post-closure care requirements or final
closure, or any time during the post -closure period for a particular unit, the Regional Administrator may, in accordance with the
permit modification procedures in parts 124 and 270:

(1) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous wastes, application of advanced technology,
or alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(ii) Extend the post -closure care period applicable to the hazardous waste management unit or facility if he finds that the
extended period is necessary to protect human health and the environment (e.g., leachate or groundwater monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administrator may require, at partial and final closure, continuation of any of the security requirements of §264.14 during part
or all of the post-closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.

(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §264.118.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart B - General Facility Standards

§14. Security

(a) The owner or operator must prevent the unknowing entry, and minimize the possibility for the unauthorized entry, of persons or livestock onto
the active portion of his facility, unless he can demonstrate to the Regional Administrator that:

(1) Physical contact with the waste, structures, or equipment within the active portion of the facility will not injure unknowing or
unauthorized persons or livestock which may enter the active portion of a facility; and

(2) Disturbance of the waste or equipment, by the unknowing or unauthorized entry of persons or livestock onto the active portion of a
facility, will not cause a violation of the requirements of this part.

[ Comment: Part 270 of this chapter requires that an owner or operator who wishes to make the demonstration referred to above must
do so with part B of the permit application.]
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(b) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a facility must have:

(1) A 24-hour surveillance system (e.g., television monitoring or surveillance by guards or facility personnel) which continuously
monitors and controls entry onto the active portion of the facility; or

(2)(1) An artificial or natural barrier (e.g., a fence in good repair or a fence combined with a cliff), which completely surrounds the
active portion of the facility; and

(ii) A means to control entry, at all times, through the gates or other entrances to the active portion of the facility (e.g., an
attendant, television monitors, locked entrance, or controlled roadway access to the facility).

[Comment: The requirements of paragraph (b) of this section are satisfied if the facility or plant within which the active
portion is located itself has a surveillance system, or a barrier and a means to control entry, which complies with the
requirements of paragraph (b) (1) or (2) of this section.]

(c) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a sign with the legend,
"Danger -- Unauthorized Personnel Keep Out", must be posted at each entrance to the active portion of a facility, and at other locations, in
sufficient numbers to be seen from any approach to this active portion. The legend must be written in English and in any other language
predominant in the area surrounding the facility (e.g., facilities in counties bordering the Canadian province of Quebec mustpost signs in French;
facilities in counties bordering Mexico must post signs in Spanish), and must be legible from a distance of at least 25 feet. Existing signs with a
legend other than "Danger - Unauthorized Personnel Keep Out" may be used if the legend on the sign indicates that only authorized personnel
are allowed to enter the active portion, and that entry onto the active portion can be dangerous.

[Comment: See §264.117(b) for discussion of security requirements at disposal facilities during the pog-closure care
period.]

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER 1 - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minim#zation of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§265.117 through 265.120 including
maintenance and monitoring throughout the post-closure care period. The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) of this chapter and 265.304(b), and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and
(5) Protect and maintain surveyed benchmarks used in complying with §265.309.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§265.117 through 265.120 must begin after
completion of closure of the unit and continue for 30 years after that date. It must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, and N of this part; and

(ii) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
and N of this part.

(2) Any time preceding closure of a hazardous waste management unit subject to post closure care requirements or final closure, or
any time during the p ost-closure period for a particular hazardous waste disposal unit, the Regional Administrator may:
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(i) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous waste, application of advanced technology, or
alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(i1) Extend the post -closure care period applicable to the hazardous waste management unit or facility, if he finds that the
extended period is necessary to protect hum an health and the environment (e.g., leachate or ground-water monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administator may require, at partial and final closure, continuation of any of the security requirements of §265.14 during part or
all of the post -closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components ofthe containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.
(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §265.118.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER 1 - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart B - General Facility Standards
§14. Security

(a) The owner or operator must prevent the unknowing entry, and minimize the possibility for the unauthorized entry, of persons or livestock onto
the active portion of his facility, unless he can demonstrate to the Regional Administrator that:

(1) Physical contact with the waste, structures, or equipment within the active portion of the facility will not injure unknowing or
unauthorized persons or livestock which may enter the active portion of a facility; and

(2) Disturbance of the waste or equipment, by the unknowing or unauthorized entry of persons or livestock onto the active portion of a
facility, will not cause a violation of the requirements of this part.

[Comment: Part 270 of this chapter requires that an owner or operator who wishes to make the demonstraton referred to above must
do so with part B of the permit application.]

(b) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a facility must have:

(1) A 24-hour surveillance system (e.g., television monitoring or surveillance by guards or facility personnel) which continuously
monitors and controls entry onto the active portion of the facility; or

(2)(i) An artificial or natural barrier (e.g., a fence in good repair or a fence combined with a cliff), which completely surrounds the
active portion of the facility; and

(i1) A means to control entry, at all times, through the gates or other entrances to the active portion of the facility (e.g., an
attendant, television monitors, locked entrance, or controlled roadway access to the facility).

[Comment: The requirements of paragraph (b) of this section are satisfied if the facility or plant within which the active
portion is located itself has a surveillance system, or a barrier and a means to control entry, which complies with the
requirements of paragraph (b) (1) or (2) of this section.]

(c) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a sign with the legend,
"Danger -- Unauthorized Personnel Keep Out", must be posted at each entrance to the active portion of a facility, and at other locations, in
sufficient numbers to be seen from any approach to this active portion. The legend must be written in English and in any other language
predominant in the area surrounding the facility (e.g., facilities in counties bordering the Canadian province of Quebec must post signs in French;
facilities in counties bordering Mexico must post signs in Spanish), and must be legible from a distance of at least 25 feet. Existing signs with a
legend other than "Danger — Unauthorized Personnel Keep Out" may be used if the legend on the sign indicates that only authorized personnel
are allowed to enter the active portion, and that entry onto the active portion can be dangerous.

[Comment: See §264.117(b) for discussion of security requirements at disposal facilities during the post -closure care
period.]
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TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID W ASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills
§301. Design and operating requirements

(¢) (3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 ° m
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§265.117 through 265.120 including
maintenance and monitoring throughout the post-closure care period. The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (@) of this chapter and 265.304(b), and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(5) Protect and maintain surveyed benchmarks used in complying with §265.309.

§304. Monitoring and inspection

(b) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least monthly. If
the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the sumps must be
recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive quarters, the amount of
liquids in the sumps must be recorded at least semi-annually. If at any time during the post-closure care period the pump operating level is
exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to monthly recording of amounts of liquids
removed from each sump until the liquid level again stays below the pump operating level for two consecutive months
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TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§301. Designand operating requirements

(¢) (3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 ° m

/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.
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Note W

Engineering Systems
RCRA

Caps

The Environmental Protection Agency refers to caps as the final cover. Post-closure care for caps or the
final cover is discussed in the notes for Landfills (Note V).
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Note X

Engineering Systems

RCRA

Tank Farms (Tank Systems)

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 260 - Hazardous Waste Management System: General
Subpart B - Definitions

Tank system means a hazardous waste storage or treatment t ank and its associated ancillary equipment and containment system.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart J - Tank Systems

§197. Closure and post-closure care

(a) At closure of a tank system, the owner or operator must remove or decontaminate all waste residues, contaminated containment system
components (liners, etc.), contaminated soils, and structures and equipment contaminated with waste, and manage them as hazardous waste,
unless §261.3(d) of this chapter applies. The closure plan, closure activities, cost estimates for closure, and financial responsibility for tank
systems must meet all of the requirements specified in subparts G and H of this part.

(b) If the owner or operator demonstrates that not all contaminated soils can be practicably removed or decontaminated as required in paragraph
(a) of this section, then the owner or operator must close the tank system and perform post-closure care in accordance with the closure and post -
closure care requirements that apply to landfills (§264.310). In addition, for the purposes of closure, post -closure, and financial responsibility,
such a tank system is then considered to be a landfill, and the owner or operator must meet all of the requirements for landfills specified in
subparts G and H of this part.

(c) If an owner or operator has a tank system that does not have secondary containment that meets the requirements of §264.193 (b) through (f)
and has not been granted a variance from the secondary containment requirements in accordance with §264.193(g), then:

(1) The closure plan for the tank system must include both a plan for complying with paragraph (a) of this section and a contingent
plan for complying with paragraph (b) of this section.

(2) A contingent post -closure plan for complying with paragraph (b) of this section must be prepared and submitted as part of the
permit application.

(3) The cost estimates calculated for closure and post -closure care must reflect the costs of complying with the contingent closure plan
and the contingent post -closure plan, if those costs are greater than the costs of complying with the clo sure plan prepared for the
expected closure under paragraph (a) of this section.

(4) Financial assurance must be based on the cost estimates in paragraph (c)(3) of this section.

(5) For the purposes of the contingent closure and post -closure plans, such a tank system is considered to be a landfill, and the
contingent plans must meet all of the closure, post -closure, and financial responsibility requirements for landfills under subparts G and
H of this part.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§264.117 through 264.120, including
maintenance and monitoring throughout the post-closure care period (specified in the permit under §264.117). The owner or operator must:
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(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as necessary to correct the effects of
settling, subsidence, erosion, or other events;

(2) Continue to operate the leachate collection and removal system until leachate is no longer detected;

(3) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) and 264.303(c), and comply with
all other applicable leak detection system requirements of this part;

(4) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(5) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(6) Protect and maintain surveyed benchmarks used in complying with §264.309.
§301. Design and operating requirements

(3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case of
multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 * m ?
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period; and

(v) Constructed with sumps and liquid removal methods (e.g., pumps) of sufficient size to collect and remove liquids from
the sump and prevent liquids from backing up into the drainage layer. Each unit must have its own sump(s). The design of
each sump and removal system must provide a method for measurin g and recording the volume of liquids present in the
sump and of liquids removed.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.

§303. Monitoring and inspedion

(c)(1) An owner or operator required to have a leak detection system under §264.301(c) or (d) must record the amount of liquids
removed from each leak detection system sump at least once each week during the active life and closure period.

(2) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least
monthly. If the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the
sumps must be recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive
quarters, the amount of liquids in the sumps must be recorded at least semtannually. If at any time during the post -closure care period
the pump operating level is exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to
monthly recording of amounts of liquids removed from each sump until the liquid level again stays below the pump operating level for
two consecutive months.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§264.117 through 264.120 must begin after
completion of closure of the unit and continue for 30 years after that date and must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, N, and X of this part; and

(ii) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
N, and X of this part.

(2) Any time preceding partial closure of a hazardous waste management unit subject to post-closure care requirements or final
closure, or any time during the post -closure period for a particular unit, the Regional Administrator may, in accordance with the
permit modification procedures in parts 124 and 270:

(i) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous wastes, application of advanced technology,
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or alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(ii) Extend the post closure care period applicable to the hazardous waste management unit or facility if he fin ds that the
extended period is necessary to protect human health and the environment (e.g., leachate or groundwater monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administrator may require, at partial and final closure, continuation of any of the security requirements of §264.14 during part
or all of the post-closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or
(2) Access by the public or domestic livestock may pose a hazard to human health.

(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.

(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §264.118.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpa rt B - General Facility Standards
§14. Security

(a) The owner or operator must prevent the unknowing entry, and minimize the possibility for the unauthorized entry, of persons or livestock onto
the active portion of his facility, unless he can demonstrate to the Regional Administrator that:

(1) Physical contact with the waste, structures, or equipment within the active portion of the facility will not injure unknowing or
unauthorized persons or livestock which may enter the active portion of a facility; and

(2) Disturbance of the waste or equipment, by the unknowing or unauthorized entry of persons or livestock onto the active portion of a
facility, will not cause a violation of the requirements of this part.

[Comment: Part 270 of this chapter requires that an owner or operator who wishes to make the demonstration referred to above must
do so with part B of the permit application.]

(b) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a facility must have:

(1) A 24-hour surveillance system (e.g., television monitoring or surveillance by guards or facility personnel) which continuously
monitors and controls entry onto the active portion of the facility; or

(2)(i) An artificial or natural barrier (e.g., a fence in good repair or a fence combined with a cliff), which completely surrounds the
active portion of the facility; and

(i1) A means to control entry, at all times, through the gates or other entrances to the active portion of the facility (e.g., an
attendant, television monitors, locked entrance, or controlled roadway access to the facility).

[Comment: The requirements of paragraph (b) of this section are satisfied if the facility or plant within which the active
portion is located itself has a surveillance system, or a barrier and a means to control entry, which complies with the
requirements of paragraph (b) (1) or (2) of this section.]

(c) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of t his section, a sign with the legend,
"Danger -- Unauthorized Personnel Keep Out", must be posted at each entrance to the active portion of a facility, and at other locations, in
sufficient numbers to be seen from any approach to this active portion. The le gend must be written in English and in any other language
predominant in the area surrounding the facility (e.g., facilities in counties bordering the Canadian province of Quebec must post signs in French;
facilities in counties bordering Mexico must post signs in Spanish), and must be legible from a distance of at least 25 feet. Existing signs with a
legend other than "Danger — Unauthorized Personnel Keep Out" may be used if the legend on the sign indicates that only authorized personnel
are allowed to enter the active portion, and that entry onto the active portion can be dangerous.

[Comment: See §264.117(b) for discussion of security requirements at disposal facilities during the post -closure care
period.]

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart J - Tank Systems

§197. Closure and post-closure care
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(a) At closure of a tank system, the owner or operator must remove or decontaminate all waste residues, contaminated containment system
components (liners, etc.), contaminated soils, and structures and equipment contaminated with waste, and manage them as hazardous waste,
unless §261.3(d) of this Chapter applies. The closure plan, closure activities, cost estimates for closure, and financial responsibility for tank
systems must meet all of the requirements specified in subparts G and H of this part.

(b) If the owner or operator demonstrates that not all contaminated soils can be practicably removed or decontaminated as required in paragraph
(a) of this section, then the owner or operator must close the tank system and perform post-closure care in accordance with the closure and post -
closure care requirements that apply to landfills (§265.310) In addition, for the purposes of closure, post-closure, and financial responsibility,
such a tank system is then considered to be a landfill, and the owner or operator must meet all of the requirements for landfills specified in
subparts G and H of this part.

(c) If an owner or operator has a tank system which does not have secondary containment that meets the requirements of §265.193(b) through (f)
and which is not exempt from t he secondary containment requirements in accordance with §265.193(g), then,

(1) The closure plan for the tank system must include both a plan for complying with paragraph (a) of this section and a contingent
plan for complying with paragraph (b) of this section.

(2) A contingent post -closure plan for complying with paragraph (b) of this section must be prepared and submitted as part of the
permit application.

(3) The cost estimates calculated for closure and post -closure care must reflect the costs of complying with the contingent closure plan
and the contingent post -closure plan, if these costs are greater than the costs of complying with the closure plan prepared for the
expected closure under paragraph (a) of this section.

(4) Financial assurance must be based on the cost estimates in paragraph (c)(3) of this section.

(5) For the purposes of the contingent closure and post -closure plans, such a tank system is considered to be a landfill, and the
contingent plans must meet all of the closure, post -closure, and financial responsibility requirements for landfills under subparts G and
H of this part.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§265.117 through 265.120 including
maintenance and monitoring throughout the post-closure care period. The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) of this chapter and 265.304(b), and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(5) Protect and maintain surveyed benchmarks used in complying with §265.309.
§304. Monitoring and inspection

(b) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least monthly. If
the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the sumps must be
recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive quarters, the amount of
liquids in the sumps must be recorded at least semi-annually. If at any time during the post-closure care period the pump operating level is
exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to monthly recording of amounts of liquids
removed from each sump until the liquid level again stays below the pump operating level for two consecutive months

A-49



TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills
§301. Design and operating requirements

(¢) (3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection

system in this paragraph are satisfied by installation of a system that is, at a minimum:
(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 * m
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.
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Note Y

Engineering Systems
RCRA

Containment Buildings

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 260 - Hazardous Waste Management System: General
Subpart B - Definitions

Containment building means a hazardous waste management unit that is used to store or treat hazardous waste under the provisions of subpart
DD of parts 264 or 265 of this chapter.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart DD - Containment Buildings

§1102. Closure and post-closure care

(a) At closure of a containment building, the owner or operator must remove or decontaminate all waste residues, contaminated containment
system components (liners, etc.,) contaminated subsoils, and structures and equipment contaminated with waste and leachate, and manage them
as hazardous waste unless §261.3(d) of this chapter applies. The closure plan, closure activities, cost estimates for closure, and financial
responsibility for containment buildings must meet all of the requirements specified in subparts G and H of this part.

(b) If, after removing or decontaminating all residues and making all reasonable efforts to effect removal or decontamination of contaminated
components, subsoils, structures, and equipment as required in paragraph (a) of this section, the owner or operator finds that not all contaminated
subsoils can be practicably removed or decontaminated, he must close the facility and perform post closure care in accordance with the closure
and post-closure requirements that apply to landfills (§264.310). In addition, for the purposes of closure, post -closure, and financial
responsibility, such a containment building is then considered to be a landfill, and the owner or operator must meet all of the requirements for
landfills specified in subparts G and H of this part.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§264.117 through 264.120, including
maintenance and monitoring throughout the post-closure care period (specified in the permit under §264.117). The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cap as necessary to correct the effects of
settling, subsidence, erosion, or other events;

(2) Continue to operate the leachate collecton and removal system until leachate is no longer detected;

(3) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) and 264.303(c), and comply with
all other applicable leak detection system requirements of this part;

(4) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(5) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(6) Protect and maintain surveyed benchmarks used in complying with §264.309.
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§301. Design and operating requirements

(3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case of
multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 ® m
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlyin g wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period; and

(v) Constructed with sumps and liquid removal methods (e.g., pumps) of sufficient size to collect and remove liquids from
the sump and prevent liquids from backing up into the drainage layer. Each unit must have its own sump(s). The design of
each sump and removal system must provide a method for measuring and recording the volume of liquids present in the
sump and of liquids removed.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.

§303. Monitoring and inspection

(c)(1) An owner or operator required to have a leak detection system under §264.301(c) or (d) must record the amount of liquids
removed from each leak detection system sump at least once each week during the active life and closure period.

(2) After the final cover is installed, the amount of liquids removed from each leak detection system
sump must be recorded at least monthly. If the liquid level in the sump stays below the pump operating level for
two consecutive months, the amount of liquids in the sumps must be recorded at least quarterly. If the liquid
level in the sump stays below the pump operating level for two consecutive quarters, the amount of liquids in
the sumps must be recorded at least semtannually. If at any time during the post -closure care period the pump
operating level is exceeded at units on quarterly or semiannual recording schedules, the owner or operator must
return to monthly recording of amounts of liquids removed from each sump until the liquid level again stays
below the pump operating level for two consecutive months.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart G - Closure and Post-Closure

§117. Post-closure care and use of property

(a)(1) Post -closure care for each hazardous waste management unit subject to the requirements of §§264.117 through 264.120 must begin after
completion of closure of the unit and continue for 30 years after that date and must consist of at least the following:

(1) Monitoring and reporting in accordance with the requirements of subparts F, K, L, M, N, and X of this part; and

(i1) Maintenance and monitoring of waste containment systems in accordance with the requirements of subparts F, K, L, M,
N, and X of this part.

(2) Any time preceding partial closure of a hazardous waste management unit subject to post-closure care requirements or final
closure, or any time during the post -closure period for a particular unit, the Regional Administrator may, in accordance with the
permit modification procedures in parts 124 and 270:

(i) Shorten the post -closure care period applicable to the hazardous waste management unit, or facility, if all disposal units
have been closed, if he finds that the reduced period is sufficient to protect human health and the environment (e.g.,
leachate or ground-water monitoring results, characteristics of the hazardous wastes, application of advanced technology,
or alternative disposal, treatment, or re-use techniques indicate that the hazardous waste management unit or facility is
secure); or

(i1) Extend the post -closure care period applicable to the hazardous waste management unit or facility if he finds that the
extended period is necessary to protect human health and the environment (e.g., leachate or ground-water monitoring
results indicate a potential for migration of hazardous wastes at levels which may be harmful to human health and the
environment).

(b) The Regional Administrator may require, at partial and final closure, continuation of any of the security requirements of §264.14 during part
or all of the post-closure period when:

(1) Hazardous wastes may remain exposed after completion of partial or final closure; or

(2) Access by the public or domestic livestock may pose a hazard to human health.
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(c) Post-closure use of property on or in which hazardous wastes remain after partial or final closure must never be allowed to disturb the
integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facility's monitoring systems,
unless the Regional Administrator finds that the disturbance:

(1) Is necessary to the proposed use of the property, and will not increase the potential hazard to human health or the environment; or
(2) Is necessary to reduce a threat to human health or the environment.
(d) All post -closure care activities must be in accordance with the provisions of the approved post-closure plan as specified in §264.118.

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERI - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER 1 - SOLID WASTES
Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart B - General Facility Standards
§14. Security

(a) The owner or operator must prevent the unknowing entry, and minimize the possibility for the unauthorized entry, of persons or livestock onto
the active portion of his facility, unless he can demonstrate to the Regional Administrator that:

(1) Physical contact with the waste, structures, or equipment within the active portion of the facility will not injure unknowing or
unauthorized persons or livestock which may enter the active portion of a facility; and

(2) Disturbance of the waste or equipment, by the unknowing or unauthorized entry of persons or livestock onto the active portion of a
facility, will not cause a violation of the requirements of this part.

[Comment: Part 270 of this chapter requires that an owner or operator who wishes to make the demonstration referred to above must
do so with part B of the permit application.]

(b) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a facility must have:

(1) A 24-hour surveillance system (e.g., television monitoring or surveillance by guards or facility personnel) which continuously
monitors and controls entry onto the active portion of the facility; or

(2)(i) An artificial or natural barrier (e.g., a fence in good repair or a fence combined with a cliff), which completely surrounds the
active portion of the facility; and

(i1) A means to control entry, at all times, through the gates or other entrances to the active portion of the facility (e.g., an
attendant, television montors, locked entrance, or controlled roadway access to the facility).

[Comment: The requirements of paragraph (b) of this section are satisfied if the facility or plant within which the active
portion is located itself has a surveillance system, or a barrier and a means to control entry, which complies with the
requirements of paragraph (b) (1) or (2) of this section.]

(c) Unless the owner or operator has made a successful demonstration under paragraphs (a) (1) and (2) of this section, a sign with the legend,
"Danger -- Unauthorized Personnel Keep Out", must be posted at each entrance to the active portion of a facility, and at other locations, in
sufficient numbers to be seen from any approach to this active portion. The legend must be written in English and in any other language
predominant in the area surrounding the facility (e.g., facilities in counties bordering the Canadian province of Quebec must post signs in French;
facilities in counties bordering Mexico must post signs in Spanish), and must be legible from a distance of at least 25 feet. Existing signs with a
legend other than "Danger — Unauthorized Personnel Keep Out" may be used if the legend on the sign indicates that only authorized personnel
are allowed to enter the active portion, and thatentry onto the active portion can be dangerous.

[Comment: See §264.117(b) for discussion of security requirements at disposal facilities during the post -closure care period.]

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTER I- ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTER I - SOLID WASTES
Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart DD - Containment Buildings

§1102. Closure and post-closure care

(a) At closure of a containment building, the owner or operator must remove or decontaminate all waste residues, contaminated containment
system components (liners, etc.), contaminated subsoils, and structures and equipment contaminated with waste and leachate, and manage them
as hazardous waste unless §261.3(d) of this chapter applies. The closure plan, closure activities, cost estimates for closure, and financial
responsibility for containment buildings must meet all of the requirements specified in subparts G and H of this part.

(b) If, after removing or decontaminating all residues and making all reasonable efforts to effect removal or decontamination of contaminated
components, subsoils, structures, and equipment as required in paragraph (a) of this section, the owner or operator finds that not all contaminated
subsoils can be practicably removed or decontaminated, he must close the facility and perform post -closure care in accordance with the closure
and post-closure requirements that apply to landfills (§265.310). In addition, for the purposes of closure, post -closure, and financial
responsibility, such a containment building is then considered to be a landfill, and the owner or operator must meet all of the requirements for
landfills specified in subparts G and H of this part.
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TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 265 - Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities
Subpart N - Landfills

§310. Closure and post-closure care

(a) At final closure of the landfill or upon closure of any cell, the owner or operator must cover the landfill or cell with a final cover designed and
constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;

(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover's integrity is maintained; and

(5) Have a permeability less than or equal to the permeability of any bottom liner system or natural subsoils present.

(b) After final closure, the owner or operator must comply with all post -closure requirements contained in §§265.117 through 265.120 including
maintenance and monitoring throughout the post-closure care period. The owner or operator must:

(1) Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as necessary to correct the effects
of settling, subsidence, erosion, or other events;

(2) Maintain and monitor the leak detection system in accordance with §§264.301(c)(3)(iv) and (4) of this chapter and 265.304(b), and
comply with all other applicable leak detection system requirements of this part;

(3) Maintain and monitor the ground-water monitoring system and comply with all other applicable requirements of subpart F of this
part;

(4) Prevent run-on and run-off from eroding or otherwise damaging the final cover; and

(5) Protect and maintain surveyed benchmarks used in complying with §265.309.
§304. Monitoring and inspection

(b) After the final cover is installed, the amount of liquids removed from each leak detection system sump must be recorded at least monthly. If
the liquid level in the sump stays below the pump operating level for two consecutive months, the amount of liquids in the sumps must be
recorded at least quarterly. If the liquid level in the sump stays below the pump operating level for two consecutive quarters, the amount of
liquids in the sumps must be recorded at least semi-annually. If at any time during the post-closure care period the pump operating level is
exceeded at units on quarterly or semi-annual recording schedules, the owner or operator must return to monthly recording of amounts of liquids
removed from each sump until the liquid level again stays below the pump operating level for two consecutive months

TITLE 40 - PROTECTION OF ENVIRONMENT
CHAPTERT - ENVIRONMENTAL PROTECTION AGENCY
SUBCHAPTERI - SOLID WASTES

Part 264 - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities

Subpart N - Landfills
§301. Design and operating requirements

(¢) (3) The leachate collection and removal system between the liners, and immediately above the bottom composite liner in the case
of multiple leachate collection and removal systems, is also a leak detection system. This leak detection system must be capable of
detecting, collecting, and removing leaks of hazardous constituents at the earliest practicable time through all areas of the top liner
likely to be exposed to waste or leachate during the active life and post-closure care period. The requirements for a leak detection
system in this paragraph are satisfied by installation of a system that is, at a minimum:

(i) Constructed with a bottom slope of one percent or more;

(i) Constructed of granular drainage materials with a hydraulic conductivity of 1x 10 2 cm/sec or more and a thickness of
12 inches (30.5 cm) or more; or constructed of synthetic or geonet drainage materials with a transmissivity of 3x 10 * m
/sec or more;

(iii) Constructed of materials that are chemically resistant to the waste managed in the landfill and the leachate expected to
be generated, and of sufficient strength and thickness to prevent collapse under the pressures exerted by overlying wastes,
waste cover materials, and equipment used at the landfill;

(iv) Designed and operated to minimize clogging during the active life and post-closure care period.

(4) The owner or operator shall collect and remove pumpable liquids in the leak detection system sumps to minimize the head on the
bottom liner.
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Note Z

Risk & Decision Analysis
UMTRCAI

Trending

UMTRCA T sites are required to submit a Long-Term Surveillance Plan (LTSP) as part of their
application for a closure license. The LTSP is required to include a detailed description of the final
disposal site conditions including existing groundwater charcaterization. The despcription must be
detailed enough so that future inspectors will have a baseline to determine changes to the site and when
these changes are serious enough to require maintenance or repairs. Although the requirement does not
explicity require trending, trending analysis is implied to determine when maintenance or repairs are
necessary.

TITLE 10 - ENERGY

CHAPTERI - NUCLEAR REGULATORY COMMISSION
Part 40 - Domestic Licensing of Source Material

27. General license for custody and long-term care of residual radioactive material disposal sites

(a) A general license is issued for the custody of and long-term care, including monitoring, maintenance, and emergency measures necessary to
protect public health and safety and other actions necessary to comply with the standards promulgated under section 275(a) of the Atomic Energy
Act of 1954, as amended, for disposal sites under title I of the Uranium Mill Tailings Radiation Control Act of 1978, as amended. The license is
available only to the Department of Energy, or another Federal agency designated by the President to provide long-term care. The purpose of this
general license is to ensure that uranium mill tailings disposal sites will be cared for in such a manner as to protect the public health, safety, and
the environment after remedial action has been completed.

(b) The general license in paragraph (a) of this section becomes effective when the Commission accepts a site Long-Term Surveillance Plan
(LTSP) that meets the requirements of this section, and when the Commission concurs with the Department of Energy's determination of
completion of remedial action at each disposal site. There is no termination of this general license. The LTSP may incorporate by reference
information contained in documents previously submitted to the Commission if the references to the individual incorporated documents are clear
and specific. Each LTSP must include --

(1) A legal description of the disposal site to be licensed, including documentation on whether land and interests are owned by the
United States or an Indian tribe. If the site is on Indian land, then, as specified in the Uranium Mill Tailings Radiation Control Act of
1978, as amended, the Indian tribe and any person holding any interest in the land shall execute a waiver releasing the United States of
any liability or claim by the Tribe or person concerning or arising from the remedial action and holding the United States harmless
against any claim arising out of the performance of the remedial action;

(2) A detailed description, which can be in the form of a reference, of the final disposal site condit ions, including existing groundwater
characterization and any necessary groundwater protection activities or strategies. This description must be detailed enough so that
future inspectors will have a baseline to determine changes to the site and when these changes are serious enough to require
maintenance or repairs. If the disposal site has continuing aquifer restoration requirements, then the licensing process will be
completed in two steps. The first step includes all items other than groundwater restoration. Groundwater monitoring, which would be
addressed in the LTSP, may still be required in this first step to assess performance of the tailings disposal units. When the
Commission concurs with the completion of groundwater restoration, the licensee shall assess the need to modify the LTSP and report
results to the Commission. If the proposed modifications meet the requirements of this section, the LTSP will be considered suitable to
accommodate the second step.

(3) A description of the long-term surveillance program, including proposed inspection frequency and reporting to the Commission (as
specified in Appendix A, criterion 12 of this part), frequency and extent of groundwater monitoring if required, appropriate constituent
concentration limits for groundwater, inspection personnel qualifications, inspection procedures, recordkeeping and quality assurance
procedures;

(4) The criteria for follow-up inspections in response to observations from routine inspections or extreme natural events; and
(5) The criteria for instituting maintenance or emergency measures.

(c) The long-term care agency under the general license established by paragraph (a) of this section shall --
(1) Implement the LTSP as described in paragraph (b) of this section;
(2) Care for the disposal site in accordance with the provisions of the LTSP;
(3) Notify the Commission of any changes to the LTSP; the changes may not conflict with the requirements of this section;
(4) Guarantee permanent right-of-entry to Commission representatives for the purpose of periodic site inspections; and

(5) Notify the Commission prior to undertaking any significant construction, actions, or repairs related to the disposal site, even if the
action is required by a State or another Federal agency.

(d) As specified in the Uranium Mill Tailings Radiation Control Act of 1978, as amended, the Secretary of the Interior, with the concurrence of
the Secretary of Energy and the Commission, may sell or lease any subsurface mineral rights associated with land on which residual radioactive
materials are disposed. In such cases, the Commission shall grant a license permitting use of the land if it finds that the use will not disturb the
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residual radioactive materials or that the residual radioactive materials will be restored to a safe and environmentally sound condition if they are
disturbed by the use.

(e) The general license in paragraph (a) of this section is exempt from parts 19, 20, and 21 of this chapter, unless significant
construction, actions, or repairs are required. If these types of actions are to be undertaken, the licensee shall explain to the Commission
which requirements from these parts apply for the actions and comply with the appropriate requirements.
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Note AA

Risk & Decision Analysis
UMTRCAII

Trending

UMTRCA II sites are required to submit a Long-Term Surveillance Plan (LTSP) as part of their
application for a closure license. The LTSP is required to include a detailed description of the final
disposal site conditions including existing groundwater characterization. The description must be detailed
enough so that future inspectors will have a baseline to determine changes to the site and when these
changes are serious enough to require maintenance or repairs. Although the requirement does not
explicitly require trending, trending analysis is implied to determine when maintenance or repairs are
necessary.

TITLE 10 - ENERGY

CHAPTER I- NUCLEAR REGULATORY COMMISSION
Part 40 - Domestic Licensing of Source Material

§28. General license for custody and long-term care of uranium or thorium byproduct materials disposal sites

(a) A general license is issued for the custody of and long-term care, including monitoring, maintenance, and emergency measures necessary to
protect the public health and safety and other actions necessary to comply with the standards in this part for uranium or thorium mill tailings sites
closed under title II of the Uranium Mill Tailings Radiation Control Act of 1978, as amended. The licensee will be the Department of Energy,
another Federal agency designated by the President, or a State where the disposal site is located. The purpose of this general license is to ensure
that uranium and thorium mill tailings disposal sites will be cared for in such a manner as to protect the public health, safety, and the environment
after closure.

(b) The general license in paragraph (a) of this section becomes effective when the Commission terminates, or concurs in an Agreement State's
termination of, the current specific license and a site Long-Term Surveillance Plan (LTSP) meeting the requirements of this section has been
accepted by the Commission. There is no termination of this general license. If the LTSP has not been formally received by the NRC prior to
termination of the current specific license, the Commission may issue a specific order to the intended custodial agency to ensure continued
control and surveillance of the disposal site to protect the public health, safety, and the environment. The Commission will not unnecessarily
delay the termination of the specific license solely on the basis that an acceptable LTSP has not been received. The LTSP may incorporate by
reference information contained in documents previously submitted to the Commission if the references to the individual incorporated documents
are clear and specific. Each LTSP must include

(1) A legal description of the disposal site to be transferred (unless transfer is exempted under provisions of the Atomic Energy Act,
§83(b)(1)(A)) and licensed;

(2) A detailed description, which can be in the form of a reference of the final disposal site conditions, including existing groundwater
characterization. This description must be detailed enough so that future inspectors will have a baseline to determine changes to the
site and when these changes are serious enough to require maintenance or repairs;

(3) A description of the long-term surveillance program, including proposed inspection frequency and reporting to the Commission (as
specified in Appendix A, Criterion 12 of this part), frequency and extent of groundwater monitoring if required, appropriate
constituent concentration limits for groundwater, inspection personnel qualifications, inspection procedures, recordkeeping and quality
assurance procedures;

(4) The criteria for follow-up inspections in response to observations from routine inspections or extreme natural events; and
(5) The criteria for instituting maintenance or emergency measures.

(c) The long-term care agency who has a general license established by paragraph (a) of this secton shall —-
(1) Implement the LTSP as described in paragraph (b) of this section;
(2) Care for the disposal site in accordance with the provisions of the LTSP;
(3) Notify the Commission of any changes to the LTSP; the changes may not conflict with the requirements of this section;
(4) Guarantee permanent right-of-entry to Commission representatives for the purpose of periodic site inspections; and

(5) Notify the Commission prior to undertaking any significant construction, actions, or repairs related to the disposal site, even if the
action is required by a State or another Federal agency.

(d) Upon application, the Commission may issue a specific license, as specified in the Uranium Mill Tailings Radiation Control Act of 1978, as
amended, permitting the use of surface and/or subsurface estates transferred to the United States or a State. Although an application may be
received from any person, if permission is granted, the person who transferred the land to DOE or the State shall receive the right of first refusal
with respect to this use of the land. The application must demonstrate that--

(1) The proposed action does not endanger the public health, safety, welfare, or the environment;

(2) Whether the proposed action is of a temporary or permanent nature, the site would be maintained and/or restored to meet
requirements in Appendix A of this part for closed sites; and

(3) Adequate financial arrangements are in place to ensure that the byproduct materials will not be disturbed, or if disturbed that the
applicant is able to restore the site to a safe and environmentally sound condition.
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(e) The general license in paragraph (a) of this section is exempt from parts 19, 20, and 21 of this chapter, unless significant construction, actions,
or repairs are required. I these types of actions are to be undertaken, the licensee shall explain to the Commission which requirements from these
parts apply for the actions and comply with the appropriate requirements.

(f) In cases where the Commission determines that transfer of title of land used for disposal of any byproduct materials to the United States or any
appropriate State is not necessary to protect the public health, safety or welfare or to minimize or eliminate danger to life or property (Atomic
Energy Act, §83(b)(1)(A)), the Commission will consider specific modifications of the custodial agency's LTSP provisions on a case-by-case
basis.
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Note AB

Risk & Decision Analysis
DOE & NWPA
Trending

DOE Order 5400.1, Chapter 4, paragraph 5.b. requires environmental surveillance to be conducted to
monitor the effects of DOE activities and requires the design of the environmental surveillance to meet
one or more of seven objectives. One of the seven design objectives is to characterize and define trends
in the physical, chemical, and biological condition of environmental media.

DOE 5400.1
CHAPTER 4
EVIRONMENTAL MONITORING REOUIREMENTS

1. PURPOSE.

a. This Chapter contains requirements and guidance for environmental monitoring programs concerned with: (1) measuring and monitoring
effluents from DOE operations; and (2) surveillance through measurement, monitoring, and calculation of the effects of those operations on the
environment and public health. The objectives of the monitoring programs are to demonstrate compliance with legal and regulatory requirements
imposed by applicable Federal, State and local agencies; confirm adherence to DOE environmental protection policies; and support

environmental management decisions. A critical element of monitoring is quality assurance and verification. Each DOE Facility is unique;
therefore, the need and levels of effort for monitoring programs shall be determined by the appropriate field organization on a case-by-case basis,
consistent with regulatory requirements, DOE directives, and the degree of environmental assurance that activities at the particular site require.

5. ENVIRONMENTAL MONITORING - GENERAL REQUIREMENTS.

Environmental monitoring shall consist of two major activities: effluent monitoring and environmental surveillance. Selected references for
environmental monitoring are listed in Attachment IV 1.

b. Environmental Surveillance.

(1) Environmental surveillance shall be conducted to monitor the effects, if any, of DOE activities on on-site and offsite
environmental and natural resources. An environmental surveillance screening program shall be undertaken at DOE sites to determine
the need for a permanent surveillance program.

Environmental surveillance shall be designed to satisfy one or more of the following program objectives:
(a) Verify compliance with applicable environmental laws and regulations;

(b) Verify compliance with environmental commitments made in Environmental Impact Statements, Environmental
Assessments, Safety Analysis Reports, or other official DOE documents;

(c) Characterize and define trends in the physical, chemical and biological condition of environmental media;
(d) Establish baselines of environmental quality;

(e) Provide a continuing assessment of pollution abatement programs;

(f) Identify and quantify new or existing environmental quality problems.

(2) Environmental surveillance programs and components should be determined on a site-specific basis by the field organization.
Programs should reflect facility characteristics, applicable regulations, hazard potential, quantities and concentrations of materials
released, the extent and use of affected air, land, and water, and specific local public interest or concern.

Surveillance programs are likely to include one or more of the following:
(a) Monitoring staions;
(b) Sampling and analysis; and

(c) Monitoring data record keeping.
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Note AC

Risk and Decision Analysis
Risk/Demographics
CERCLA

Risk analysis is performed in the Remedial Investigation phase of the CERCLA process. It is unlikely
that risk analysis would be performed for a site under the care of long-term stewardship. CERCLA
requires S5-year reviews for sites with residual wastes. (For sites entering LTS the first of many 5-year
reviews may have been completed.) However, if conditions change it may be necessary to recalculate the
original risk analysis for the new conditions to determine if the remedy is still protective of human health
and the environment in accordance with EPA’s Comprehensive Five-Year Review Guidance, EPA 540-R-
01-007, June 2001. These new conditions, which may impact the risk analysis, are changes in:

. Promulgated standards and To Be Considered (TBCs)
. Risk parameters (includes reference doses, cancer potency factors, and exposure pathways)
. Toxicity and other Contaminant Characteristics

. Current and future land/groundwater uses.

Section 4.2.1- Impact of Changes in Standards and TBCs

Therefore, although ARARS generally are “frozen” at the time of ROD signature, in conducting a five-year review, you should determine the
effect of a newly promulgated or modified standard on the protectiveness of the remedy originally selected in the ROD. You should evaluate the
newly promulgated or modified requirement to determine if the cleanup level established in the ROD remains protective. TBCs may also have
been used to select cleanup levels. Therefore, you should also review any new or modified TBCs to ensure that any changes will not impact the
protectiveness of the remedy.

In evaluating a change in a standard that was identified as an ARAR in the ROD, or a newly promulgated standard or TBC, you should establish
whether the new requirement indicates that the remedy is no longer protective. You should recommend a follow-up action when the remedy is
not protective. You should establish whether the new requirement indicates that the remedy is no longer protective. You should recommend a
follow-up action when the remedy is not protective. For example, based on revised risk information for a specific chemical, a new standard (e.g.,
more stringent MCL for a chemical) may result in a situation where the cleanup level to be achieved by the original remedy would pose a 10~
cancer risk. In that circumstance, the five-year review could recommend that a new cleanup level based on the new standard be adopted.
However, a change in a standard may not necessarily result in a change in the resulting risk and therefore may not always impact protectiveness.

Section 4.2.2— Impact of Changes in Exposure Pathways

You should consider changes in site conditons that could result in increased exposure. These changes could include changed or new land uses,
including zoning changes. changed or new routes of exposure or receptors, changed physical site conditions that may affect the protectiveness of
the remedy, new contaminants, or a new understanding of geological conditions. In evaluating this information, you should work closely with a
risk assessor to establish the impact that such changes may have on the estimated risk associated with your site. Depending on the significance of
the changes, it may be necessary for you to recalculate human health risk and re-examine ecological risks. Generally, your human health
determination should be based on whether the cancer risk could not be greater than 10 and/or the hazard index could be greater than 1 for non-
carcinogenic effects.

4.2.3 — Impact of Changes in Toxicity and other Contaminant Characteristics

If the remedy is intended to meet a site-specific, risk -based cleanup level, you should check to see whether toxicity or other contaminant
characteristics used to determine the original cleanup level have changed. In addition to toxicity, you should examine other contaminant
characteristics that determine the nature and extent of contaminant migration and effects on receptors (e.g. sorption characteristics, ability to
bioaccumulate, bioabailability). If there have been changes in the understanding or in our knowledge of these physical/chemical characteristics,
you may need to recalculate risk using the original cleanup level or using the current concentration if it has not been identified as a contaminant
of concern. An increase in the cancer slope factor, for example, may suggest that the risk from a chemical concentration is above the generally
acceptable cancer risk range (10™to 10). You should also consider changes in toxicity and other contaminant characteristics relating to
ecological receptors.

If the estimated risk has increased, then you should determine whether the new estimated risk is acceptable. In most cases, you should base this
determination on whether the risk is within or below the generally acceptable risk range of 10*to 10° for carcinogenic risk and the hazard index
is below 1 for non-carcinogenic effects. If the risk is not protectwve, you should determine what actions need to be taken to achieve an acceptable
level of risk.
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Note AD

Risk and Decision Analysis
Trending

CERCLA

CERCLA Section 121 requires that remedial actions, which result in any hazardous substances,
pollutants, or contaminants remaining at the site, be subject to five-year reviews. Sites remediated under
CERCLA and entered into the Long-Term Stewardship are assumed to have contaminants remaining at
the site, and therefore, will be required to perform five-year reviews and prepare a five-year review
report. (Note: some sites entering Long-Term Stewardship may have already performed the first of many
S-year reviews prior to becoming a Long-Term Stewardship site.) The outline for a five-year review
report as suggested by EPA’s Comprehensive Five-Year Review Guidance, EPA 540-R-01-007, June
2001, includes a section on Technical Assessment. Topic when appropriate included in Technical
Assessment is to address question A, “Is the remedy functioning as intended by the decision documents?”’
The Guidance suggests reviewing early indicator of potential remedy problems. An early indicators as
suggested by the Guidance is trend analysis of sampling data showing no decrease in contaminant levels,
monitoring data showing evidence of leachate migration, or that the extent of the groundwater
contamination plume exceeds the outer reaches of the monitoring network.

4.1.2 How do I answer Question A for a remedial action that is operating or completed?

Your review of an operating or completed remedial action generally will address more aspects of the remedy implementation than a review of a
remedial action under construction. In general, you should assess the following:

e Remedial action performance— Determine whether the remedial action continues to operate and function as designed (e.g., extent of
groundwater plume is well defined and updated plume maps confirm containment), and has achieved, or is expected to achieve,
cleanup levels.

e System operations/operation and maintenance (0&M) — Determine whether maintenance procedures, as implemented, will maintain
the effectiveness of response actions. This evaluation might include, but is not limited to, visual inspection of the system and the
review and evaluation of monitoring reports (e.g., groundwater data from extraction and monitoring wells, biological monitoring data,
discharge requirements, wetland monitoring data, leachate monitoring for containment remedies).

o Costs of system operations/O&M — Review and consider system operations/O&M costs if they are available. Compare actual/current
annual O&M costs to the original cost estimate; large variances from the original cost estimate might indicate potential remedy
problems. (Note: This information may not be readily available at Enforcement-lead sites, but should be requested.)

o Impl tation of institutional controls and other measures — Determine whether access controls (e.g., fencing, security guards) and
ICs that are needed at this stage of the remediation are in place and successfully prevent exposure. If ICs are not in place, determine
why not, and obtain the schedule for implementation; determine whether other actions (e.g., removals) necessary to ensure that
exposure pathways that could result in unacceptable risks have been implemented.

e Monitoring activities — Determine whether monitoring activities required to ensure the effectiveness of the remedy (e.g., performance
and environmental data collected and results evaluated) are being conducted and whether they are adequate to determine the
protectiveness and effectiveness of the remedy.

. Opportunities for optimization — If readily apparent during the course of conducting five-year review activities, identify any
opportunities to improve the performance and/or reduce the costs of sampling and monitoring activities and operating treatment
systems. If changes in these activities are recommended in the Five-Year Review report, you should also provide the rationale/basis
for such changes. If appropriate, your report can also recommend that an optimization study be conducted.

o Early indicators of potential remedy problems — Investigate and identify problems that could lead to the remedy being not protective
or suggest protectiveness is at risk unless changes are made. Problems could include frequent equipment breakdowns or replacement,
or large variances in operating costs (if cost data are available). Some examples of indicators of potential remedy problems could
include erosion and/or subsidence of a cap, trend analysis of sampling data showing no decrease in contaminant levels, monitoring
data showing evidence of leachate migration, or that the extent of the groundwater contamination plume exceeds the outer reaches of
the monitoring network.
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Note AE

Risk and Decision Analysis
Cost

CERCLA

CERCLA Section 121 requires that remedial actions, which result in any hazardous substances,
pollutants, or contaminants remaining at the site, be subject to five-year reviews. Sites remediated under
CERCLA and entered into the Long-Term Stewardship are assumed to have contaminants remaining at
the site, and therefore, will be required to perform five-year reviews and prepare a five-year review
report. (Note: some sites entering Long-Term Stewardship may have already performed the first of many
S-year revie ws prior to becoming a Long-Term Stewardship site.) The outline for a five-year review
report as suggested by EPA’s Comprehensive Five-Year Review Guidance, EPA 540-R-01-007, June
2001, includes a section on Technical Assessment. An appropriate topic inc luded in the Technical
Assessment is to address,“Is the remedy functioning as intended by the decision documents?” The
Guidance suggests assessing the costs of system operations or operations and maintenance costs. The
assessment is to include comparing actual/current annual operations and maintenance costs to the original
cost estimate. A large variance from the original cost estimate might indicate a potential remedy problem.

4.1.2 How do I answer Question A for a remedial action that is operating or completed?

Your review of an operating or completed remedial action generally will address more aspects of the remedy implementation than a review of a
remedial action under construction. In general, you should assess the following:

e Remedial action performance — Determine whether the remedial action continues to operate and function as designed (e.g., extent of
groundwater plume is well defined and updated plume maps confirm containment), and has achieved, or is expected to achieve,
cleanup levels.

e System operations/operation and maintenance (O&M) — Determine whether maintenance procedures, as implemented, will maintain
the effectiveness of response actions. This evaluation might include, but is not limited to, visual inspection of the system and the
review and evaluation of monitoring reports (e.g., groundwater data from extraction and monitoring wells, biological monitoring data,
discharge requirements, wetland monitoring data, leachate monitoring for containment remedies).

. Costs of system operations/O&M— Review and consider system operations/O&M costs if they are available. Compare actual/current
annual O&M costs to the original cost estimate; large variances from the original cost estimate might indicate potential remedy
problems. (Note: This information may not be readily available at Enforcement-lead sites, but should be requested.)

o Implementation of institutional controls and other measures — Determine whether access controls (e.g., fencing, security guards) and
ICs that are needed at this stage of the remediation are in place and successfully prevent exposure. If ICs are not in place, determine
why not, and obtain the schedule for implementation; determine whether other actions (e.g., removals) necessary to ensure that
exposure pathways that could result in unacceptable risks have been implemented.

e Monitoring activities — Determine whether monitoring activities required to ensure the effectiveness of the remedy (e.g., performance
and environmental data collected and results evaluated) are being conducted and whether they are adequate to determine the
protectiveness and effectiveness of the remedy.

e Opportunities for optimization— If readily apparent during the course of conducting five-year review activities, identify any
opportunities to improve the performance and/or reduce the costs of sampling and monitoring activities and operating treatment
systems. If changes in these activities are recommended in the Five-Year Review report, you should also provide the rationale/basis
for such changes. If appropriate, your report can also recommend that an optimization study be conducted.

e Early indicators of potential remedy problems — Investigate and identify problems that could lead to the remedy being not protective
or suggest protectiveness is at risk unless changes are made. Problems could include frequent equipment breakdowns or replacement,
or large variances in operating costs (if cost data are available). Some examples of indicators of potential remedy problems could
include erosion and/or subsidence of a cap, trend analysis of sampling data showing no decrease in contaminant levels, monitoring
data showing evidence of leachate migration, or that the extent of the groundwater contamination plume exceeds the outer reaches of
the monitoring network.
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CERCLA Section 121 requires that remedial actions, which result in any hazardous substances,
pollutants, or contaminants remaining at the site, be subject to a five-year review. Sites remediated under
CERCLA and entered into Long-Term Stewardship are assumed to have contaminants remaining at the
site, and therefore, will be required to perform five-year reviews and prepare a five-year review report.
(Note: some sites entering Long-Term Stewardship may have already performed the first of many 5-year
reviews prior to becoming a Long-Term Stewardship site.) The outline for a five-year review report as
suggested by EPA’s Comprehensive Five-Year Review Guidance, EPA 540-R-01-007, June 2001,
includes a section on Technical Assessment. An appropriate topic included in is to address, “Is the
remedy functioning as intended by the decision documents?” Guidance suggests if there are opportunities
to improve performance and/or reduce the costs of sampling and monitoring activities and operating
treatment systems to identify those opportunities in the five-year report. Also, if appropriate, the five-
year report can include a recommendation that an optimization study be conducted. The Guidance uses
the word optimization instead of cost/benefit, but the results would be similar.

4.1.2 How do I answer Question A for a remedial action that is operating or completed?

Your review of an operating or completed remedial action generally will address more aspects of the remedy implementation than a review of a
remedial action under construction. In general, you should assess the following:

e Remedial action performance— Determine whether the remedial action continues to operate and function as designed (e.g., extent of
groundwater plume is well defined and updated plume maps confirm containment), and has achieved, or is expected to achieve,
cleanup levels.

e System operations/operation and maintenance (O&M) — Determine whether maintenance procedures, as implemented, will maintain
the effectiveness of response actions. This evaluation might include, but is not limited to, visual inspection of the system and the
review and evaluation of monitoring reports (e.g., groundwater data from extraction and monitoring wells, biological monitorin g data,
discharge requirements, wetland monitoring data, leachate monitoring for containment remedies).

. Costs of system operations/O&M— Review and consider system operations/O&M costs if they are available. Compare actual/current
annual O&M costs to the original cost estimate; large variances from the original cost estimate might

indicate potential remedy problems. (Note: This information may not be readily available at Enforcement-lead sites, but should be requested.)

o Implementation of institutional controls and other measures — Determine whether access controls (e.g., fencing, security guards) and
ICs that are needed at this stage of the remediation are in place and successfully prevent exposure. If ICs are not in place, determine
why not, and obtain the schedule for implementation; determine whether other actions (e.g., removals) necessary to ensure that
exposure pathways that could result in unacceptable risks have been implemented.

®  Monitoring activities — Determine whether monitoring activities required to ensure the effectiveness of the remedy (e.g., performance
and environmental data collected and results evaluated) are being conducted and whether they are adequate to determine the
protectiveness and effectiveness of the remedy.

e Opportunities for optimization — If readily apparent during the course of conducting five-year review activities, identify any
opportunities to improve the performance and/or reduce the costs of sampling and monitoring activities and operating treatment
systems. If changes in these activities are recommended in the Five-Year Review report, you should also provide the rationale/basis
for such changes. If appropriate, your report can also recommend that an optimization study be conducted.

e Early indicators of potential remedy problems — Investigate and identify problems that could lead to the remedy being not protective
or suggest protectiveness is at risk unless changes are made. Problems could include frequent equipment breakdowns or replacement,
or large variances in operating costs (if cost data are available). Some examples of indicators of potential remedy problems could
include erosion and/or subsidence of a cap, trend analysis of sampling data showing no decrease in contaminant levels, monitoring
data showing evide